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(2) Maxinmum Weieht Exceptions. The regulations concerning design maxinmum
wei ght allows an exception in that sonme of the structural requirements may be net
at a | esser weight known as a design | anding weight which is defined in § 23.473.
Also, see Advisory Circular (AC) 23-7 if the airplane is being nodified for an
increase in nmaximum weight. The flight requirenents also allow an exception to the
desi gn maxi mum wei ght to the degree described in appendix E to Part 23 of the FAR
whi ch deals with airplanes equi pped with standby power rocket engines.

(3) Weinht. Altitude. Temperature (WAT). For turbine-powered nultiengine
normal, wutility, and acrobatic category airplanes, a WAT offload chart may be used
as a maxi mum weight limtation, if the high altitude and high tenperature
requi rement of §§ 23.65(c), 23.67(c)(2), or 23.77(b) limts the maxi mum wei ght.

The performance weight linmtations for commuter category airplanes are specified in
§ 23.1583(c)(3).

(4) Ranp Weight. The applicant may elect to usea "ranmp weight" provided
conpliance is shown with each applicable section of Part 23 of the FAR Ranp
wei ght is the takeoff weight at brake release plus an increment of fuel weight
consunmed during engine start, taxiing, and runup. GCenerally, this increnment of
fuel should not exceed 1% of the maxi mum pernmissible flight weight. The pil ot
shoul d be provided a neans to reasonably determ ne the airplane gross weight at
brake rel ease for takeoff. A fuel totalizer is one way of providing the pilot with
fuel on board. Alternately, a nental calculation by the pilot nay be used, if the
pilot is provided the information to make the cal cul ation and the cal culation is
not too conplex. Normal Iy, fuel for engine start and runup will be sufficiently
close to a fixed anpbunt that taxi can be considered as the only vari abl e. If the
pilot is provided with taxi fuel burn rate in 1lbs./minute, then the resulting
mental cal culation is acceptable. The pilot will be responsible to ensure that the
takeoff gross weight limtation is conplied with for each takeoff, whether it be
limted by altitude, tenperature, or other criteria. The maxi mum ranmp wei ght
should be shown as a linmtation on the Type Certificate (TC) Data Sheet and in the
AFM

(5) Lowest Maxi mum Weight. Based on an FAA General Counsel decision of
August 1977, 8§ 23.25(a)(2)(i) and 23.25(a)(2)(ii) require that each of the two
conditions, (i) and (ii), nust be considered and that the maxi nrum wei ght, as
established, not be less than the wei ght under either condition.

(6) Placarding: of Seats. When establishing a maxi mum weight in
accordance with § 23.25(a)(2)(i), one or nore seats may be placarded to a weight
of less than 170 pounds (or |l ess than 190 pounds for utility and acrobatic category
ai rpl anes). An associated requirenment is § 23.1557(b). The AFM | oadi ng
i nstructions, required by § 23.1589(b), should be specific in addressing the use of
the placarded seats.

b. Pr ocedur es. None.
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9. SECTION 23.29 (as anended bv _anmendnent 23-21) EMPTY WEI GHT AND CORRESPONDI NG
CENTER _OF GRAVITY.

a. Explanation.

(1) Fixed Ballast. Fixed ballast refers to ballast that is nade a
permanent part of the airplane as a nmeans of controlling the c.g.

(2) Equipment List. Conpliance with § 23.29(b) nay be acconplished by
the use of an equipment list which defines the installed equipnent at the time of
wei ghi ng and the weight, arm and noment of the equipnent.

h.  Procedures. For prototype and nodified test airplanes, it is necessary to
establish a known basic weight and c.g. position (by weighing) fromwhich the
extremes of weight and c.g. travel required by the test program may be cal cul at ed.
See AC 91-23A, Pilot's Wight and Bal ance Handbook, for sanple weight and bal ance
procedure. Normally, the test crewwll verify the cal cul ations.

10. SECTI ON 23. 31 (as anended bv anendnment 23-13) REMOVABLE BALLAST.

a. Explanation. This regulation is associated only with ballast which is
installed in certificated airplanes under specified conditions. The ballasting of
prototype airplanes so that flight tests can be conducted at certain weight and
c.g. conditions is covered under § 23.21, paragraph 6, of this AC

b. Fluid Cargo. For those airplanes configured to carry fluid cargo (such
as agricultural chenmical tanks, mnnow tanks, slurry tanks, etc.), airplane
handling qualities should be investigated with full and the nost critical partial
fluid loads. Al so, when so equi pped, the effects of in-flight jettison or dunping
of the fluid |oad shoul d be eval uat ed.

11.  SECTION 23.33 (original issue) PROPELLER SPEED AND PITCH LIMTS.

a. Ceneral. Section 23.33(a) requires that propeller speed and pitch be
limted to values that will ensure safe operation under normal operating
condi tions.

bh. Procedures. Assumi ng that both the tachonmeter and the airspeed indicator
systemof the test airplane have been calibrated within the past 30 days and t hat
the best rate of clinb speed is known, the followi ng appropriate tests should be
conduct ed:

(1) Fixed Pitch Propellers.

(i) NMaximum Revolutions per Mnute (R,P.M.). The regulation is

sel f-expl anatory.

(ii) Static RP.M Deternmine the average static r.p.m wth the
airplane stationary and the engine operating at full throttle under a no-w nd
condi tion. The m xture setting should be the sane as used for maximumr.p. m
det ermination. If the wind is light (5 knots or less), this static r.p.m can be
the average obtained with a direct crosswind fromthe left and a direct crossw nd
from the right.
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(iii) Data Sheet RP.M Determination. For fixed pitch propellers,
the static r.p.m range is listed in the TC Data Sheet; for exanple, not nore than
2200 r.p.m and not less than 2100 r.p. m The allowable static r.p.m range is
nornal | y established by adding and subtracting 50 r.p.m to an average no-w nd
static r.p.m An applicant nay desire to obtain approval for one or nore
additional propellers and retain only one r.p.m range statement. An applicant
may al so choose to extend the propeller's static r.p. m range.

(A) Lower RP.M The static r.p.m range may be extended on

the | ow side by obtaining approval for a propeller with a lower static r.p.m In
this case, the approval must be acconplished with due consideration of performance
requirements. The airplane with the new propeller installed nust be able to neet

the mininum clinb performance requirenents.

(B) Higher RP.M If the static r.p.m range is to be
ext ended upward, the new propeller would have to be tested to ensure that it did

not cause an engi ne speed above 110% of naxi num conti nuous speed in a cl osed

throttle dive at the never-exceed speed. It nust not exceed the rated takeoff
r.p.m. of the engine up to and including the best rate of clinb speed of the
airpl ane. An engine cooling clinb test may al so be required due to the additional

power produced by the faster turning propeller.
(2) Controllable Pitch Propellers Wthout Constant Speed Controls.

(i) dinb RP.M Wth the propeller in full low pitch, deternine
that the maximumr.p.m. during a clinb using nmaxi rum power at the best rate of
clinb speed does not exceed the rated takeoff r.p.m of the engine.

(ii) Dve RP.M Wth the propeller in full high pitch, determne
that the closed throttle r.p.m in a dive at the never-exceed speed is not greater
than 110% of the rated maxi mum continuous r.p.m of the engine.

(3) Controllable Pitch Propellers Wth Constant Speed Controls.

(i) dinb R,P.M. Wth the propeller governor operative and prop
control in full high r.p.m position, determne that the maxi mum power r.p.m. does
not exceed the rated takeoff r.p.m of the engine during takeoff and clinb at the
best rate of clinb speed.

(ii) Static RP.M Wth the propeller governor mnade inoperative by
mechanical  nmeans, obtain a no-wind static r.p.m.

(A) Reciprocating Engines. Determne that the mnaxi num power
static r.p.m., wWith the propeller blade operating against the | ow pitch stop, does
not exceed 103% of the rated takeoff r.p.m of the engine.

(B) Turbopropeller Epgines. A though this rule references
manifold pressure, it has been considered to be applicable to turbopropeller
install ations. Wth the governor inoperative, the propeller blades at the |owest
possible pitch, with takeoff power, the airplane stationary, and no w nd, ensure
that the propeller speed does not exceed the maxi mum approved engi ne and propeller
r.p.m limts. Propellers that go to feather when the governor is made inoperativi
need not be tested.

[Ze)
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(iii) Safe Operation Under Nornmal Operating Conditions.

(A) Reciprocating Engi nes. Descent at Vg or Vyo with full
power, although within the normal operating range, is not a normal operating
procedur e. Engine r.p.m., with propeller on the high pitch bl ade stops, that can

be controlled by retarding the throttle may be considered as acceptable in show ng
conpliance with § 23.33(a).

(B) Turbopropeller Engines. Perform a mexinmum r.p.m at
mexi mum torque (or power) descent at Vy, to ensure that normal operating limts for
the propeller are not exceeded.

(4) Data Acquisition and Reduction. The observed r.p.m. data in each
case nust be corrected for tachoneter error. The airspeed systemerror nust also
be taken into consideration to determine the proper calibrated airspeed. True
ai rspeed may al so need to be considered because propeller angle of attack is a
function of true airspeed.

12.-15. RESERVED.
Section 2. PERFORMANCE

16. SECTI ON 23.45 (as anended by anmendnent 23-34) GENERAL.

a. Explanation.

(1) Atnospheric Standards. The purpose of § 23.45(a) is to set the

at rospheric standards in which the performance requirenents should be net. The air
shoul d be smooth with no tenperature inversions, nountain waves, etc. This is
essential to obtaining good data and repeatable results. Nonst andard conditions of
tenperat ure, pressure, etc., can be corrected to standard, but there are no
corrections to conpensate for poor quality data due to turbul ence or poor pilot

t echni que. A thorough know edge of the linmitations of the testing procedures and

data reduction nethods is essential so that good engi neering judgnent nay be used
to deternine the acceptability of any tests.

(i) Normal. Utilitv. and Acrobatic Category Airplane. Performance
tests will normally be conducted in nonstandard atnospheric conditions, but ideally
for accuracy in data reduction and expansion, tests should be conducted instill
air and atnospheric conditions as near those of a standard atnosphere as possible.
Accounting for wi nds and nonstandard conditions requires testing procedures and
data reduction nethods that reduce the data to still air and standard atnospheric
condi tions.

(ii) Commuter Category Airplanes. Performance tests should be
conducted in the range of atnospheric conditions that will show conpliance with the

sel ected weight, altitude, and tenperature limts. See paragraph 19 of this AC for
gui dance on extrapol ati on of takeoff data and paragraph 27 for extrapol ation of
I anding data.

10
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(2) Standard Atmosphere. The standard atnosphere is defined in Part 1 of
the FAR as the U S Standard At nmosphere, 1962 (geopotential altitude tables). The
U S Standard Atnosphere is identical to the International Cvil Aviation
Organi zation (1 CAO Standard Atnosphere for altitudes bel ow 65,000 feet.

Appendi x 7, figure 1, gives properties of the U S Standard Atnosphere in an
abbreviated format.

(32 Installed Power  The installed propul sive horsepower/thrust of the
test engine(s) may be determ ned using the applicable nmethod described in

appendi x 1. The methods in appendix 1 account for installation | osses and the
power absorbed by accessories and services. Consideration should also be given to

the accuracy of the power setting instruments/systens, and the pilot's ability to
accurately set the power/thrust.

10-1 (and 10-2)
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(2) Test-

(i) sStall Speed. The actual test should be conmenced with the
airplane in the configuration desired and trimred at approximately 1.5 Vg or the
mninum speed trim whichever is greater. The airplane should be slowed to about
10 knots above the stall, at which tinme the speed should be reduced at a rate of
one knot per second or less until the stall occurs or the control reaches the stop
Where exact determ nation of stalling speed is required, entry rate should be
varied to bracket one knot per second, and data should be recorded to allow the
preparation of tinme histories simlar to those shown in figure 17-1. The i ndi cat e«
airspeed at the stall should be noted, using the production airspeed system Bot h
the indicated airspeeds and the calibrated stall speeds nay then be plotted versus
entry rate to deternine the one knot per second val ues.

(ii) Bamb, Wen using a bonb, caution should be used in recovering
fromthe stall so that the bomb is not whipped off the end of the hose.

(iii) Weight and C. G The stalling speed should be determ ned at al
wei ght and c. g. positions defining the corners of the | oading envelope to determn

the critical condition. The highest stall speed for each weight will be forward
c.g. in nost cases. Data should be recorded so that the weight and c.g. at the tin
of the test can be accurately determ ned. This can often be done by recording the

time of takeoff, tinme of test, time of landing, and total fuel used during the
flight.

(iv) Power and Configuration. The stall should be repeated enough
times for each configuration to ensure a consistent speed. If a correctionis to
be made for zero thrust, then the stall speed and power at several power settings
may be recorded for |later extrapolation to zero thrust.

(v) Control Stops. The elevator up stop should be set to the

nmi ni mrum al | owabl e defl ecti on. Flap travels should be set to mnimum al |l owabl e
settings.
(3) Data Reduction. The correction involves
(i) Correction for airspeed error - IAS to CAS (correct for

instrument as well as position error) when CAS is required.

(ii) Correction for weight - multiply the test calibrated stall spee
times the square root of the standard wei ght divided by the test weight.
Vg =Vu) /W, Vhere V., = Stall speed (CAS)
W, V, = Test stall speed (CAS)

W. = Standard weight (Ibs.)

§
W, = Test weight (Ibs.)

(CAUTION -- Do not use for mninmm steady flight speed)
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(iii) The correction for weight shown above applies only where the
c.g. is not also changing with weight. Were c¢.g. is changing with weight, such as
between forward regardless and forward gross, stall speed should account for this.
A straight line variation between the neasured stall speeds for the two wei ght and

c.g. conditions has been found to be an acceptabl e net hod.

18. SECTION 23.51 (as anended by amendnent 23-21) TAKECFF = NORMAL, UTILITY, AND
ACROBATI C CATEGORY Al RPLANES.

a. Explanation

(1) hjective of Takeoff Requirenent. The primary objective of the
takeoff requirement is to establish, for infornmation of the operator, a takeoff
di stance within which the airplane may be expected to achi eve a speed and hei ght
sufficient to ensure capability of performng all naneuvers that nay becone
necessary for safe conpletion of the takeoff, and for safe landing if necessitated
by power failure. An airspeed margin above stall in conjunction with a height of
50 feet is presuned to assure the desired naneuvering capability.

(2) Multiengine 50-foot Speed. For nultiengine airplanes, § 23.51(c¢)(1)
requires the speed at the 50-foot point to be the higher of:

(i) 1.1 Vye» OF
(ii) 1.3 V,,, or any lesser speed, down to V_, + 4 knots.

s’ — X

(3) Single Engine 50-foot Speed. For single-engine airplanes,
§ 23.51(c)(2) requires the speed at the 50-foot point to be:

(i) 1.3 Vsl’ or
(ii) any lesser speed, down to VX + 4 knots.

(4) Takeoff Speed |nvestigations = General.

(i) For those airplanes in which the takeoff distance is based on
the 1.3 V 1 speed correspondi ng to nmaxi num t akeof f weight, no further
considera§|on of the acceptability of such speed is generally necessary, except
for investigating the handling characteristics w th nmaxi num approved fue
unbal ance

(ii) Specific investigations for acceptability of the takeoff speed
shoul d be nade for all airplanes for which the takeoff distance is based on a
speed less than the 1.3 V., speed. I nvestigation of the acceptability of the
takeoff speed, and of the associated takeoff procedure, should include a
denonstration that controllability and maneuverability in the takeoff
configuration are adequate to safely proceed with the takeoff in turbul ent
crosswi nd conditions and maxi mum approved | ateral fuel unbal ance.

18
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(5) Single-engine Airplane_Takeoff Speeds. The takeoff speed
i nvestigation should include denobnstration that controllability and
maneuverability following engine failure at any time between lift-off and the 50-
foot point are adequate for safe | anding. Applicants are encouraged to schedul e
both a rotation speed and a speed for 50-foot height. If a single speed has been
chosen for lift-off and clinb-out to SO foot height, the resulting airplane deck
angle may be too high to successfully acconplish a safe | anding.

(6) Multiengine Airnlane Takeoff Steeds. For multiengine airplanes, the
i nvestigation should include a denmonstration that the controllability and
maneuverability following critical engine failure at any tine between lift-off and
the 50-foot point are adequate for either safe |anding or for safe continuation of
the takeoff. There will be sonme conbinations of weight, altitude, and tenperature
where positive clinb at the 50-foot height with one engine inoperative is not
possi bl e. Because of this, a satisfactory re-land maneuver shoul d be
denonstrat ed. Applicants are encouraged to schedule both a rotation speed and a
speed for 50-foot hei ght. Rotation speed should be scheduled so that V. is not
I ess than V., in accordance with § 23.51(b). If a single speed has been chosen
for lift-of and clinb-out to 50-foot height, the resulting airplane deck angle
may be too high to successfully acconplish a safe | anding.

(7) Multiple Takeoff Weights. For those nultiengine airplanes for which
takeof f di stance data are to be approved for a range of weights, and for which the
takeof f di stance is based upon takeoff speeds which decrease as the weight
decr eases, the investigations of paragraph (4) of this section also should include
consideration of the mninum control speed, Vy,. The 1.2 Vg design linmit inposed
on Vyc by § 23.149 is intended to provide a controllability margin below the
takeoff speed that is sufficient for adequate control of the airplane in the event
of engine failure during takeoff. Hence, to mmintain the intended |evel of safety
for the | ower takeoff speeds associated with the lighter takeoff weights,

i nvestigation of the acceptability of such speeds for conpliance with

§ 23.51(c)(1) should include denpnstration of acceptable characteristics follow ng
engine failure at any time between |lift-off and the 50-foot. point during takeoff
in accordance with the established takeoff procedures.

(8) Complete Engine Failure. The term “"conplete engine failure," as
used in § 23.51(c)(1), was defined in the preanble to anendnent 23-21. The

pertinent portion of the preanble is as follows:

" ., . current section 23.51(a)(2)(ii) has been consistently interpreted

to require that for nultiengine airplanes which neet the powerplant isola-
tion requirenments of section 23.903(c) in the takeoff configuration, only one
engi ne need be nade inoperative in the specified investigations."

(9) AFM Takeoff Distance. Section 23.1587(a)(5) requires the takeoff
di stance determ ned under § 23.51 to be furnished in the AFM The data should be
furnished at the nost critical c.g. (usually forward). Section 23.1587(a)(8) |
further requires the calculated approxinmate effect of altitude fromsea |evel to
8000 feet and tenperature from | SA ~ 60°F to | SA + 40°F be furnished in the AFM
Propul sive thrust avail able should be accounted for in accordance with
§ 23.45 and appendix 1 of this AC For turbine-powered airplanes, distances should
be presented up to the maxi num takeoff tenperature limt. A data expansion method
appropriate to the airplane's features should be used.
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(10) AFPM Takeof f Technique. For nulti-engine airplanes, § 23.1585(c)(4)
requires the AFMto furnish the procedures for the § 23.51 takeoff. The
recommended techni que that is published in the AFM and used to achi eve the
performance shoul d be one that the operational pilot can duplicate using the
m ni mum anount of type design cockpit instrunmentation and the m ni mum crew.

(11) Tire Speed Limts. If TSO'd tires are used, it should be determ ned
that, wthin the weight, altitude, and tenperature for which takeoff performance is
shown in § 23.1587, that the TSOtire speed ratings are not exceeded at V LOF If
the tire speed rating woul d be exceeded under sonme conbi nations of weight,
altitude, and tenperature, then the tirespeed limt should be established as an
operating linmtation, and a maxi mumtakeoff weight limted by tire speed chart
shoul d be included in the AFM performance section in conpliance with
§ 23.1581(a)(2).

b. Procedures.

(1) Takeoff Distance Tests. The takeoff di stance shoul d be established
by test, and may be obtained either by takeoffs conducted as a continuous
operation fromstart to the 50-foot height, or synthesized from accel eration
segnments and clinb segment (s) determ ned separately. Recordi ng theodolite or
el ectroni c equi pment that is capable of providing horizontal distance and
velocity, and height above the takeoff surface, is highly desirable for takeoff
distance tests. Addi tional required special ground equi prent includes a sensitive
anenonet er capable of providing wind velocity and direction, a thernoneter capable
of providing accurate free-air tenperature under all conditions, and an altineter
or barograph to provide pressure altitude.

(2) Segnent Technique. For the segment technique, the airplane shoul d
be accel erated on the surface frombrake release to rotation speed (V_ ) and on to
the speed selected for the 50-foot height point. Six acceptable runs are
recomrended to establish the takeoff accel eration segnment. V., should be sel ected
so that the 50-foot speed can be achieved. Aclinb segnent based on the rate of

climb, free of ground effect, is added to the acceleration segment. See par agr aph
25 of this ACand appendix 2 for clinb performance nethods. Total distance is the
sum of the accel eration segment plus the clinb segnent. For AFM presentation, the

ground run woul d be the ground accel eration distance to V, ., and the air distance
woul d be the horizontal distance to clinb at the 50-foot speed for 50 feet plus

t he ground accel erati on di stance fron1Vi p Lo the 50-foot speed. For those
airplanes with retractable gear, the Ianglng gear shoul d be extended throughout,

or alternatively, retraction may be initiated at a speed corresponding to a safe
speed for gear retraction following lift-off in normal operations. |If takeoff

di stance is determned using the "segnented" nethod, actual takeoffs using the AFM
t akeof f speed schedul e shoul d be conducted to verify that the actual takeoff

di stance to the 50-foot hei ght does not exceed the cal cul ated takeoff distance to
the 50-foot height.

(3) Weight. Takeoff distance tests should be conducted at the maxi mum
wei ght, and at a lesser weight if takeoff distance data for a range of weights is
to be approved. The test results may be consi dered acceptable w thout correction
for weight if a +0.5% wei ght tol erance is observed.
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(2) In conducting the flight tests required by § 23.53(c)(6),
the test pilot should use a nornal/natural rotation technique as associated with
the use of schedul ed takeoff speeds for the airplane being tested. I ntentiona
tail or tail skid contact is not considered acceptable. Further, the airspeed
attained at a height of 35 feet during this test is required to be not |ess than
the schedul ed V, value mnus 5 knots. These speed limts should not be considere
or utilized as farget V, test speeds, but rather are intended to provide an
accept abl e range of spe%d departure bel ow t he schedul ed V2 val ue.

(3) In this abuse test, the engine cut should be acconplished
prior to the V_ test-speed (i.e., scheduled Vv_=5 knots) to allow for engine spin--
down. The norral one-engi ne-i noperative takeoff distance may be anal ytically
adj usted to conpensate for the effect of the early engine cut. Further, in those
tests where the airspeed achieved at a height of 35 feet is slightly less than th
V,~5> knots limting value, it is permssible, in lieu of reconducting the tests
to analytically adjust the test distance to account for the excessive speed
decr enent

(C) All-engines-operating abuse tests.

(1) Section 23.53(c)(7) requires that there not be a "marked
increase” in the scheduled takeoff distance when reasonably expected service
variations such as early and excessive rotation and out-of-trimconditions are
encount er ed. This is considered as requiring takeoff tests with all engines
operating with

(i) An abuse on rotation speed, and

(ii) out-of-trimconditions but with rotation at the schedul ed
VR speed
NOTE: The expression "marked increase" in the takeoff distance is defined as any
amount i n excess of 5% of the takeoff distance as determned in accordance with
§23.59. Thus, the abuse tests should not result in a takeoff distance of nore
t han 105% of the schedul ed takeoff distance.

(2) For the early rotation abuse condition with all engines
operating and at a weight as near as practicable to the maxi num sea | evel takeoff

weight, it should be shown by test that when the airplane is over-rotated at a
speed bel ow the scheduled V,, no "nmarked increase” in the takeoff distance wll
resul t. For this denonstrati'on, the airplane should be rotated at a speed of 10

knots or 7%, whichever is less, below the scheduled Vv_. Tests should be conducte
at arapid rotation rate or should include an over-rotation of 2 degrees above
normal attitude after liftoff. Tail strikes, should they occur during this
demonstration, are acceptable only if a fault analysis (structural, electrical
hydraulic, etc.) has been acconplished and indicates no possible degradation in
the control of aircraft, engines, or essential systens necessary for continued
safe flight after a reasonable, worst case tail strike
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(3) For out-of-trim conditions with all engines operating and
at a weight as near as practicable to the maxi mum sea | evel takeoff weight, it
shoul d be shown that with the airplane nmistrinmed, as would reasonably be expected
in service, there should not be a "marked increase" in the takeoff distance when
rotation is initiated in a normal manner at the schedul ed Vg; speed. For those
airplanes with an all owabl e takeoff trim band, the anpunt of pistrim used shoul d
be with the longitudinal control trimred to its nost adverse position within the
al |l owabl e takeoff trim band as shown on the cockpit indicator. For those
ai rpl anes without an allowable takeoff trim band, the amount of mistrim to be
reasonably expected in service will be a pilot judgment.

21. SECTI ON 23.55 (as added by anendnent 23-34) ACCELERATE- STOP DI STANCE.

a. Expl anati on. This section describes test denpnstrations necessary to
determ ne accel erate-stop distances for airplane performance required to be
published in the Performance Section of the AFM

b.  Procedures.

(1) Accelerate-stop tests should be determ ned in accordance with the
provisions of this paragraph.

(i) Nunber of Test Runs. A sufficient number of test runs should be [l
conducted for each airplane configuration desired by the applicant, in order to
establish a representative distance that would be required in the event of a
rejected takeoff at or below the takeoff decision speed V,.

(ii) Tinme Del ays. The procedures outlined in paragraph 21b{12), as .
required by § 23.45(f)(5), apply appropriate tinme delays for the execution of
retarding neans related to the accel erate-stop operation procedures and for
expansi on of accelerate-stop data to be incorporated in the AFM

(iii) Reverse Thrust. The stopping portion of the accel erate-stop [
test may not utilize propeller reverse thrust unless the thrust reverser systemis
shown to be safe, reliable, and capable of giving repeatable results. See

subpar agr aph c.

(2) Airport Elevation. Accel erate-stop runs at different airport %
el evations can be sinmulated at one airport elevation provided the braking speeds
used include the entire energy range to be absorbed by the brakes. In scheduling

the data for the AFM the brake energy assuned should not exceed the maxi mum
denonstrated in these tests.

(3) Braking Speeds. The braking speeds referred to herein are schedul ed .
test speeds and need not correspond to the values to be scheduldd in the AFM since
it is necessary to increase or decrease the braking speed to sinmulate the energy
range and weight envel ope.
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(4) Nunber of Runs. At |least two test runs are necessary for each
configuration when nultiple aerodynam c configurations are being shown to have the
same braking coefficient of friction, unless sufficient data is available for the
ai rpl ane nodel to account for variation of braking performance with weight,

kinetic energy, I|ift, drag, ground speed, torque linit, etc. These runs should be
made with the airplane weight and knetic energy varying throughout the range for
whi ch takeoff data is schedul ed. This will usually require at |east six test
runs. These tests are usually conducted on hard surfaced, dry runways.

(5) Alternate Approvals. For an alternate approval with antiskid
i noperati ve, nose wheel brakes or one nmin wheel brake inoperative, autobraking

systems, etc., a full set of tests, as nmentioned in paragraph 21b(4), should
normal |y be conduct ed. A | esser nunber of tests nay be accepted for "equal or
better" denonstrations, or to establish small increments, or if adequate
conservatismis used during testing.

(6) Maxi mum Enerev Stop. A brake energy denonstration is needed to show
conmpliance with the brake energy requirenents. A maxi mum energy stop (or somne
| esser brake energy) is used to establish a distance that can be associated with
the denonstrated kinetic energy. An applicant can choose any |evel of energy for
denmonstration providing that the AFM does not show performance beyond the
denonstrat ed kinetic energy. The denonstration should be conducted at not |ess
t han maxi mum t akeof f wei ght and shoul d be preceded by a 3-mle taxi, including
“three full stops using normal braking and all engi nes operating. Propeller pitch
controls should be applied in a manner which is consistent with procedures to be
normal Iy used in service. Fol | owi ng the stop at the maxi num ki netic energy |eve
demonstration, it is not necessary for the airplane to denonstrate its ability to
t axi . The maxi mum ki netic airplane energy at which performance data is schedul ed
shoul d not exceed the value for which a satisfactory afterstop condition exists. I
A satisfactory afterstop condition is defined as one in which fires are confined to
tires, wheels, and brakes, and which would not result in progressive engul fnent of
the remaining airplane during the tinme of passenger and crew evacuati on. The
application of fire fighting means or artificial coolants should not be required for
a period of five mnutes follow ng the stop.

(7) Maximum Enerev Stop from a Landing. In the event the applicant
proposes to conduct the maxi num energy RTO denpbnstration froma |anding, a
satisfactory accounting of the brake and tire tenperatures that woul d have been
generated during taxi and acceleration, required by paragraph 21b(6), shoul d be
made

(8) Either ground or airborne instrunentation should include a neans to
determ ne the horizontal distance-tine history.

(9) Wnd Speed. The wind speed and direction relative to the active
runway shoul d be determ ned. The height of the w nd measurenment shoul d be noted,
to facilitate corrections to airplane wng |evel

(10) Configurations. The accelerate-stop tests should be conducted in
the follow ng configurations:
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(i) Heavy to light weight as required.
(ii) Most critical c.g. position.
(iii) Wng flaps in the takeoff position(s).

(iv) Tire pressure: before taxi and with cold tires, set to the
hi ghest val ue appropriate for the takeoff weight for which approval is being
sought .

(v) Engine: set r.p.m at applicant's recommended upper idle power
limt, or the effect of maxinumidl e power nay be accounted for in data anal yses.
Propel |l er condition should al so be considered. See discussion in subparagraph
(11), Engi ne Power.

(11) Engine Power. Engi ne power should be appropriate to each segment of
the rejected takeoff and account for thrust decay tinmes. See discussion of
§ 23.57(a)(2) in paragraph 22c(1). At the selected speed that corresponds to the
required energy, the airplane is brought to a stop enpl oying the acceptabl e
braking means. The critical engine's propeller should be in the position it would
normal | y assune when an engine fails and the power |evers are cl osed.

reverse) of the remaining engines' propellers may be utilized provided adequate
directional control can be denonstrated on a wet runway. Sinulating wet runway
controllability by disconnecting the nose wheel steering may be used. The use of
the higher propeller drag position (i.e., ground fine) is conditional on the
presence of a throttle position which incorporates tactile feel that can

(i) Hgh Drag Propeller Position. The high drag position (not I

consistently be selected in service by a pilot with average skill. It should be
det erm ned whether the throttle notions fromtakeoff power to this ground fine
position are one or two distinctive notions. If it is deemed to be two separate

motions, then accelerate-stop tinme delays should be determ ned accordingly and
applied to expansion of data

(ii) Reverse Thrust. See subparagraph c for discussion of when reverse
thrust may be used. Denonstration of full single engine reverse controllability on
a wet runway and in a 10 knot adverse crosswind will be required. Control down to
zero speed is not essential, but a cancellation speed based on controllability can
be declared and credit given for use of reverse above that speed. The use of
reverse thrust on one engine on a wet runway requires that the reverse thrust
conponent be equal |y matched by a braki ng conponent and rudder use on the other
si de. Experi ence has shown that using reverse with one engine inoperative, requires
brakes to be nodul ated differently between left and right while applying only
partial reverse thrust, even on dry pavenent. D sconnecting nose wheel steering
will not adequately sinulate a wet runway for a full reverse condition. The use of
a reverse thrust propeller position is conditional on the presence of a throttle
posi tion which incorporates tactile feel that can consistently be selected in
service by a pilot with average skill. Selection of reverse thrust from take-off
power typically requires the power level to be retarded to idle, a gate or |atching
mechani smto be overcone and the power lever to be further retarded into the
ground/reverse  range. This is interpreted as three "distinctive notions,” with each
regarded as activation of a separate decel eration device. Accelerate-stop tine
del ays shoul d be determ ned accordingly and applied to expansion of data.
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(12) Accelerate-~Stop_Tine Del ays. Figure 21-1 is an illustration of the
accel erate-stop time del ays considered acceptable for conpliance with § 23.45:
.Engine | Activation Activation Activation Demonstration
failure of first of sacond of third Time
decel device decel device decel device Delays
Engine failure] {
recognition |
—Atrec ! Atay: Aty
Flignt Manual
' Expansion 1ime
Delays
Yer Vi
= Atrec l Atal + At ‘ Atar At———l

Figure 21-1

- ACCELERATE- STOP TI ME DELAYS

28-1 (and 28
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(i) Atm = engine failure recognition tine. The denonstrated tine
fromengine failure to pilot action indicating recognition of the engine failure.
For AFM data expansion purposes, it has been found practical to use the
denonstrated tine or 1 second, whichever is greater, in order to allow a time which
can be executed consistently in service.

(ii)Atm = the denonstrated time interval between activation of the
first and second decel erati on devi ces.

(iii) Ataz = the denpnstrated tinme interval between activation of the
second and third decel erati on devices.

(iv) At = a |l -second reaction tinme delay to account for in-service
variations. For AFM calculations, airplane deceleration is not allowed during the
reaction tine delays. If a conmand is required for another crewrenber to actuate a I
decel eration device, a 2-second delay, in lieu of the |-second delay, should be
applied for each action. For automatic decel eration devices which are approved
for performance credit for AFM data expansion, established tinmes determ ned during
certification testing may be used without the application of additional tine
del ays required by this paragraph.

(v) The sequence for activation of deceleration devices nmay be
selected by the applicant. If, on occasion, the desired sequence is not achieved
during testing, the test need not be repeated; however, the denonstrated tinme
interval nmay be used.

(13) The procedures used to determ ne accel erate-stop distance should be
described in the Perfornance Infornmation Section of the AFM

c. Use of Reverse Thrust. Section 23.55(b) pernits means other than wheel
brakes to be used in determ ning the stopping distance, when the conditions
specified in § 23.55(b) are net. One of the conditions is that the neans be safe

and reliable.

(1) Reliable. Conpliance with the "reliable" provision of the rule may
be acconplished by an evaluation of the pitch changing/reversing systemin
accordance with § 23.1309. The nmet hods of AC 23.1309-1 should be used in the
eval uati on even though type-certificated engine or propeller systens may not have
been subjected to the AC 23.1309-1 analysis during certification. Additionally,
Soci ety of Autonptive Engineers (SAE) docunent ARP-926A, "Fault/Failure Analysis
Procedure,” will assist in conducting reliability and hazard assessnents.
Additionally, § 23.1309(d) requires the systemto be designed to safeguard agai nst
hazards to the airplane in the event the system or any conponent thereof
mal functions or fails. An acceptabl e neans for showi ng conpliance with the
requi renment would be to conduct a Failure Mddes and Effects Analysis (FMEA) of the
system An accept abl e analysis would show that the effects of any system or
conponent mal function or failure would not result in a hazard to the airplane and
that the propeller reversing systemis reliable. SAE document, ARP-926A,

"Faul t/ Failure Analysis Procedure,” contains acceptable criteria for conducting such
an anal ysis.
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Safe and reliable also neans that it is extrenely inprobable that the system can

nm slead the flight crew or will allow gross asymmetric power settings, i.e., forward
thrust on one engine vs. reverse thrust on the other. In achieving this |evel of

reliability, the system should not increase crew work | oad or require excessive crew
attention during a very dynamic time period. Aso, the approved performance data
shoul d be such that the average pilot can duplicate this. performance by follow ng
the AFM procedures

(2) safe. Conpliance with the "safe" provisions of § 23.75(f)(l) will
require an evaluation of the conplete systemincluding operational aspects to

ensure no unsafe feature exists.

22. SECTI ON 23.57 (as added bv _anmendnent 23-34) TAKEOFE PATH

a. Section 23.57(a).

(1) Exnlanation

(i) The takeoff path requirenments of § 23.57 and the reductions
required by § 23.61 are established so that the AFM performance can be used in
meki ng the necessary decisions relative to takeoff weights when obstacles are
present. Net takeoff flight path data should be presented in the AFM for
i nformation; however, its use is only required for Part 135 operations (reference
FAR  135.398(h)).

(ii) The required performance is provided in the AFM by either
pictorial paths at various power-to-weight conditions with corrections for w nd,
or by a series of charts for each segnment along with a procedure for connecting
these segnents into a continuous path

(2) Procedures.

(i) Section 23.57(a) requires that the takeoff path extend to the
hi gher of where the airplane is 1500 feet above the takeoff surface or to the
altitude at which the transition to en route configuration is conplete and a speed
is reached at which conpliance with § 23.67(e)(2) is shown.

(ii) Section 135.398 requires the airplane not be banked before
reaching a height of 50 feet as shown by the net takeoff flight path data.

(iii) The AFM should contain information required to show conpliance
with the clinb requirenments of §§ 23.57 and 23.67(e)(2). Thi s shoul d incl ude
information related to the transition fromthe takeoff configuration and speed to
the en route configuration and speed. The effects of changes from takeoff power
to maxi mum conti nuous power should al so be included.

(iv) Generally, the AFM shows takeoff paths which at |ow power to
wei ght include accel eration segnents between 400 and 1500 feet and end at 1500
feet, and at high power to wei ght extending considerably higher than 1500 feet
above the takeoff surface. On some airplanes, the takeoff speed schedul es and/or
flap configuration do not require acceleration below 1500 feet, even at limting
per f or mance gradi ents.
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b. Section 23.57(a)(1) - Takeoff Path Power Conditions.

(1) Explanation. The takeoff path established from continuous
denmonstrated takeoffs should represent the actual expected perfornmance at al
poi nts. If the path is constructed by the segnental nethod, in accordance with
§§ 23.57(d)(2) and 23.57(d)(4), it should be conservative and should be supported
by at |east one denpbnstrated fly-out to the conpleted en route configuration
This is necessary to ensure all required crew actions do not adversely inpact the
required gradients.

(2) Procedures.

(i) To substantiate that the predicted takeoff path is
representative of actual performance, the power used in its construction nust
conply with § 23.45. This requires, in part, that the power for any particul ar
flight condition be that for the particular anmbi ent atnospheric conditions that
are assuned to exi st along the path. The standard | apse rate for ambient
tenperature is specified in Part 1 of the FAR under "Standard Atnosphere" and
shoul d be used for power determ nation associated with each pressure altitude
during the clinb.

(ii) Section 23.57(c)(4) requires that the power up to 400 feet abov
the takeoff surface represents the power available along the path resulting from
the power lever setting established during the initial ground roll in accordance
wi th AFM procedures. This resulting power should represent the normal expected
vari ations throughout the acceleration and clinmb to 400 feet and should not exceed
the linmts for takeoff power at any point.

(iii) A sufficient nunmber of takeoffs, to at least the altitude above
the takeoff surface scheduled for V, clinb, should be nmade to establish the power
| apse resulting froma fixed power ever. An analysis nmay be used to account for
vari ous engine bleeds, e.g., ice protection, air conditioning, etc. In some
airplanes, the power growth characteristics are such that less than full rated
power is required to be used for AFM takeoff power limitations and perfornance.
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(2) Procedures.

(i) To permt the takeoff to be conducted using less than rated
power, automatic power advance devi ces have been approved. These devices are
di scussed in a proposed change to Part 23 and various special conditions.

(ii) To permt the takeoff to be based on a feathered propeller up
to 400 feet above the takeoff surface, automatic propeller feathering devices have
been approved if adequate systemreliability has been shown in accordance with
§ 23. 1309. QG her automatic systens such as one which mnimzes drag of the
i noperative propeller by sensing negative torque have al so been approved. Drag
reduction for a nmanually feathered propeller is permtted for flight path
calculations only after reaching 400 feet above the takeoff surface.

g. Section 23.57(d) = Takeoff Path Construction.

(1) Explanation. This regulation should not be construed to mean that
the takeoff path be constructed entirely froma conti nuous denonstration or
entirely from segnents. To take advantage of ground effect, typical AFMtakeoff
paths utilize a continuous takeoff path fromyv to the gear-up point, covering
t he range of power-to-weight ratios. Fromthat point, free air performance, in
accordance with § 23,57(d)(2), is added segrmentally. This nethodol ogy nmay yield
an AFMflight path that is steeper with the gear down than up. Section  135.398(e)
requires that for net takeoff flight path, the airplane not be banked before
reaching a height of 50 feet as shown by the net takeoff flight path. Thi s
requires determnation of clinb data in the wings |level condition

(2) Procedures. The AFM shoul d include the procedures necessary to
achieve this performnce.

h. Section 23.57(d)(2) =~ Takeoff Path Segnent Conditions

(1) Explanation. Section 23.57(d)(2) requires that the weight of the
airplane, the configuration, and the power setting nust be constant throughout
each segnment and nust correspond to the nost critical condition prevailing in the
segnent. The intent is that for sinplified anal ysis, the perfornmance be based on
that available at the nost critical point in tinme during the segment, not that the
i ndi vi dual vari abl es (wei ght, approxi nate power setting, etc.) should each be
picked at its nmost critical value and then conbined to produce the perfornance for
the segnent.

(2) Procedures. The performance during the takeoff path segnents shoul d
be obtai ned using one of the follow ng methods

(1) The critical level of performance as explained in paragraph
22n(1).

(ii) The actual perfornmance variation during the segnent.
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i Section 23.57(d)(3) = Segnented Takeoff Path G ound Effect.

(1) Exulanation. See explanation under § 23.57(d). Additionally, this
requi renment does not intend that the entire flight path necessarily be based upon
-out -of -ground-ef fect perfornmance sinply because the continuous takeoff

denonstrati ons have been broken into sections for data reducti on expedi ency. For
exanple, if the engine-inoperative acceleration from V. to Vg is separated into a
power decay portion and a windmlling drag portion, the clinb from 35 feet to gear

up does not necessarily need to be based upon out-of-ground-effect performance, as
woul d be indicated by § 23.57(d)(3), if, in fact, the clinb from35 feet to gear
up is within ground effect, as defined by § 23.57(d)(5).

<

(2) Procedures. None.

j. Section 23.57(d)(4) = Segnmented Takeoff Path Check

(1) Explanation. None.

(2) Procedures, If the construction of the takeoff path from brake
rel ease to out-of-ground-effect contains any portions that have been segnented
(e.g., airplane acceleration segnents of all engines and one-engine inoperative),
the path should be checked by continuous denonstrated takeoffs. A sufficient
nunber of these, using the AFM established takeoff procedures and speeds and
covering the range of power-to-weight ratios, should be nmade to ensure the validity
of the segnented takeoff path. The continuous takeoff data should be conpared to

takeof f data cal cul ated by AFM data procedures but using test engine power and test
speeds.

k. Turboprop Reduced Power Takeoffs.

(1) Reduced takeoff power is a power |ess than approved takeoff power for
whi ch power setting and airplane performance is established by corrections to the
approved power setting and performance. When operating with reduced takeoff power,
the power setting which establishes power for takeoff is not considered a
linmtation.

(2) It is acceptable to establish and use a takeoff power setting that is
less than the approved takeoff power if:

(i) The establishnment of the reduced power takeoff data is handled
through the type certification process and contained in the AFM

(ii) The reduced takeoff power setting

(A) Does not result in loss of systenms or functions that are
normal Iy operative for takeoff such as engine failure warning, configuration
warni ng,  aut of eat her, automatic throttles, rudder boost, automatic ignition, or any
ot her safety-related system dependent upon a nininum takeoff power setting.
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(B) I's based on an approved engi ne takeoff power rating for
whi ch airplane perfornance data is approved.

(C Does not introduce difficulties in airplane
controllability or engine response/operation in the event that approved takeoff
power is applied at any point in the takeoff path.

(D) Is at least 75% of the approved takeoff power for the
anbient  conditions

(E) Is predicated on a careful analysis of propeller
efficiency variation at all applicable conditions.

(iii) Relevant speeds used for reduced power takeoffs are not |ess
than those which will show conpliance with the required controllability margins
with the approved takeoff power for the anbient conditions.

(iv) The AFM states, as a limtation, that reduced takeoff power
settings may not be used

(A) Wen the antiskid system (if installed) is inoperative.
(B) On wet runways and runways contam nated with snow, slush
or ice, unless suitable performance accountability is nade to the increased
accel erati on and stoppi ng di stances on these surfaces.
(v) Procedures for reliably determning and applying the reduced

takeof f power value are sinple, and the pilot is provided with information to

obtain both the reduced power and approved takeoff power for each anbient
condi tion.

(vi) The AFM provi des adequate information to conduct a power check,
usi ng the approved takeoff power and if necessary, establish a tinme interval

(vii) Procedures are given to the use of reduced power.

(viii) Application of reduced power in service is always at the
di scretion of the pilot.

23. SECTI ON 23.59 (as added bv anendnent 23-34) TAKECGFF DI STANCE AND TAKECFF RUN

a. Takeoff Distance — Section 23,.59(a).

(1) Explanation. The takeoff distance is either of the two di stances
depicted in paragraph 23a(1)(i) or (ii), whichever is greater. The distances
i ndi cated bel ow are measured horizontally fromthe main | anding gears at initia
brake rel ease to that sane point on the airplane when the |owest part of the
departing airplane is 35 feet above the surface of the runway and acconplished in
accordance with the procedures devel oped for § 23.57.
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(i) The distance nmeasured to 35 feet with a critical engine failure
recognized at VL.  See figure 23-1.

START Y1 Vior —

| L -

TAKEOFF DISTANCE

Figure 23-1 ~ TAKECFF DISTANCE
Critical Engine Failure Recognized at VL

(ii) One hundred fifteen percent (115% of the distance neasured to
35 feet with all engines operating. See figure 23-2.

—

START Vior —

W
ALL ENGINE DISTANCE

TAXEOFF DISTANCE = 1.15 x_ALL ENGINE DISTANCE'TO 5!

Figure 23-2 ~ TAKECFF DI STANCE
Al Engines Operating

h. Takeoff Run = Section 23.59(b).

(1) Explanation.

(i) Takeoff run is a termused for the runway |ength when the
t akeof f di stance includes a clearway (i.e., where the accelerate-go distance does
not remain entirely over the runway,), and the takeoff run is either of the two
di stances depicted in paragraph 23b(1)(i)(A) or (B), whichever is greater. These
di stances are neasured as described in § 23.59(a). d earways are only defined for
t ur bi ne- power ed ai rpl anes. Wien using a clearway to determne the takeoff run, no
more than one-half of the air distance fromV, . to the 35 foot point may be flown
over the clearway.
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TAKEOFF DISTANCE =
(LONGER OF 1 ENG INOP TAKEOFF e—em—oud
OR 1.15 ALL ENG TAXEDFF) HE 1GHTS ARE
REFERENCED TO
VeF Yor RUNWAY ELEVATION AT
l END OF TAKEOFF DISTANCE
secem™® GROUND ROLL l 157 28D J ACCELERATION ) FINAL
LANDING GEAR DOWN ' RETRACTION RETRACTED
' | L7777 emoute
FLAPS TAKEOFF RETRACTING S/EE NOTE  pocivion
ABOVE 400 FT THRUST CAN BE REDULE A MAX IMUN
POMER TAKEOFF IF THE REQUIREMENTS OF 23.57(c)(3) CAN SEZ NOTE CONT ."m .
BE MET WITH LESS THAN TAKEOFF THRUST RZI2A NIl
-
AIRSPEED ACCELERATING , Y2 l ACCELERATING vmom
= T
ENGINES ML OPERATING } ONE INOPERATIVE
PROPELLER TAKEOFF l ONE AUTOFEATHERED O R WINDNILLING ONE FEATHERED
’ UP TO 400 FEET 400 FEET DR ‘GREATER '

NJUE.., The en route takeoff segnent usually begins with the airplane in the

en route configuration and w th maxi num continuous thrust, but it is not required
that these conditions exist until the end of the takeoff path when conpliance with
§ 23.67(e)(2) is shown. The time limt on takeoff thrust cannot be exceeded.

* Segnents as defined by § 23.67.

Figure 24-1 - TAKEOFF SEGVENTS AND NOMENCLATURE
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Figure 24-2 = NET TAKECFF FLI GHT PATH

25. SECTION 23.65 (as anended by anendnent 23-34) CLIMB: ALL ENG NES OPERATING

a. Explanation._

(1) (ojectives. The clinb tests associated with this requirenent are
performed to establish the airplane's all-engine performance capability for
altitudes between sea | evel and not |ess than 8000 feet with wing flaps set to the
takeoff  position. This is necessary to enabl e conparison with the nmininumclinb
performance required, and also for AFM presentation of clinb performance data of
§ 23.1587(a)(7) and the effect of altitude and tenperature (see § 23.1587(a)(8))
and the effect of weight for commuter category airplanes.

(2) Cooling Cinbs. Applicants with single engine reciprocating powered
airplanes may vary the climb speeds to neet the requirenents of 8 23.1047. If
variations in clinb speeds are required to nmeet the cooling tests, the applicant
may wi sh to establish the variation of rate of clinmb with speed.

(3) Sawtooth dinbs. A common net hod of deternining clinb performance
is sawooth clinbs. A series of clinbs, known as sawooth clinbs, should be
conducted at several constant indicated airspeeds using a constant power setting
and a prescribed configuration. A mini numof three series of sawooth clinbs
should be conduct ed. The nmean altitudes through which the sawtooth clinbs are
conducted should be:

(i) As near sea level as practical.

(ii) Aose to the ceiling (where 100 feet/m nute can be naintai ned)
for sealevel engines.

(iii) An internediate altitude, taking into consideration the power
characteristics of the engine.
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b. Procedures = Sawtooth _Cinbs.

(1) dinb Technique. Wth the altimeter adjusted to a setting of
29.92 inches Hy (pressure altitude), the series of clinbs should be initiated at
chosen altitude. Stabilize airspeed and power prior to recording data. The tine
at the beginning of each run should be recorded for weight-accounting purposes, ar
the stabilized clinb should be continued for 3 minutes or 3000 feet m nimumwhile
hol di ng airspeed substantially constant, dinbs should be conducted 90° to the
wind, and alternately, on reciprocal headings to mnimze the effects of w ndshear
Since the rate at which the altitude changes is the prinmary consideration of the
test, particular care should be taken to observe the precise altineter indication
at precise time intervals. Tine intervals of not nore than 30 seconds are
recomrended for altineter readings. Airspeed, anbient tenperatures, r.p.m and
ot her engi ne power parameters also should be recorded, permssibly at |onger
intervals. Rat es- of - cl i mb/ si nk observed for test conditions should be greater th
+100 ft./mn. Rates of clinb near zero tend to be unreliable. A running plot of
altitude~versus-time provi des an effective nmeans of nonitoring acceptability of
test data as the run progresses, and a running plot of the observed rate of clinb
obtai ned for each airspeed enables simlar nonitoring of the sawtooth program
This procedure is recommended because of the opportunity it affords for pronptly
observing and econom cally rectifying questionable test results.

(2) Ar Quality. In order to obtain accurate results, it is essential
that the sawooth clinbs be conducted in snooth air. In general, the effects of

turbul ence are nore pronounced in test data obtained at |ower rates of clinb and,
when testing for conpliance with mninmumclinb requirenments, even slight

turbul ence may produce errors in observed clinbs of such magnitude as to render
the data inconclusive with respect both to rate of clinb and best clinb speed.
Less obvious but equally unacceptable for clinb testing is the presence of an
inverse gradient in the anbient tenperature.

(3) Test Airspeeds. The airspeeds selected for the sawt ooth shoul d
bracket the best climb speed, which for prelimnary purposes may be estinmated as
140% of the power-off stalling speed. The lowest clinb test speed should be as
near the stalling speed as can be flown w thout evidence of buffeting, or
necessity for abnormally frequent or excessive control novenents, which m ght
penalize the clinb performance. Al though the exanple shown in figure 25-1 has 10
knot intervals, the interval between test speeds should be snaller at the lowspee
end of the range, and should increase as the speed increases. Suggested intervals
are 5 knots at the low end, varying to 15 knots at the high end. In addition, th
maxi mum | evel flight speed and Vv, (or V ) at the approximate mnidrange test
altitude provide a useful aid in“defini'ng the curves in figure 25-2.

(4) Data Plotting. Sawtooth clinb data is plotted on a graph using
altitude and tinme as the basic paranmeters as shown in figure 25-1. After the
sawt oot h data has been plotted, -draw in the nmean altitude line. A tangent line c
now be drawn to each of the sawtooth clinb curves at the nmean altitude
i ntersection. By determ ning the slope of the tangent |ines, the observed rate o
clinb at the nmean altitude for each sawtooth can be determ ned.
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Fi gure 25-1 - OBSERVED DATA

(5) Data Corrections. For the density altitude nethod of data reduction

(see appendix 2), it is necessary to correct the data to standard at nospheric
condi tions, maxi mum weight, and chart brake horsepower before proceedi ng any
further with the observed data. These corrections sonetinmes change the observed
data a significant anmount. The meximum | evel flight speed (Vy,) data points
shoul d al so be corrected to assist in defining the curves in figure 25-2.

(6) Plotting of Corrected Data. After the observed data has been

corrected to the desired standards, it can be plotted as shown in figure 25-2 with
the rate of clinb versus calibrated airspeed at various density altitudes. It
shoul d be noted that the stall speed points are not usually true stabilized zero
rate of clinb data points. However, the stall speed points are useful in defining

the asynptotic character of the left hand part of the curve.

(7) Speed Schedule Data Points. Fromthe curves of figure 25-2, it is

now possible to deternmine the airplane's best rate of clinb speed schedule, V.
This is done by drawing a straight line through the peaks (highest rate of clinb
poi nt) of each of the previously drawn curves of R/ C vs. CAS. Also, it is possible

to obtain fromthis graph the best angle of clinb speed schedule V,. This is done
by drawi ng tangent lines to the RIC vs. CAS curves fromthe graph origin and
connecting each of the tangent intersect points with a straight |ine. It should be
noted that the V, and V, speed lines intersect at "zero" rate of clinb. This is

because zero rate of clinmb occurs at the airplane's absolute ceiling and Vyx, V,
Vun s and Vi, are all the same speed at this point.
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(8) Speed and Rate of Cinb. Directly frominformation obtained from
figure 25-2, it is possible to plot the clinb performance of the airplane into a
more usable form By reading the rates of clinb at the V, intersect points and
plotting them against altitude as shown in figure 25-3, it is possible to determ ne
the rate of clinb fromsea |level to the absolute ceiling.
MP YARYING WITH $HP VARYING WITH ALTITUDE
ALTITUDE
]5.000 NORMALLY ASPIRATED ENGINE *=
§ 16,000
e ICONSTANT SHP
-
2 v
> VX Y
=
Z
wh
S 5,000
SEA LEVEL -
0 500 1,000 1,500 50 100
RATE OF CLINB AIRSPEED. KCAS

Figure 25-3 - RATE OF CLI MB AND SPEEDS

(9) Cow Flap and M xture. Cowl flaps should be in the position used for

cooling tests. The m xture setting should be set to that used during the cooling
test.

(10) Weight and C. G For clinb performance tests, the airplane' s test
wei ght, |oad distribution and engi ne power should be recorded. Usually, forward
c.g. is critical for clinb performance.

c. fxcraplation of dinb Data. The clinmb data expansion required by
§ 23.1587(a)(8) fromsea level to 8000 feet and fromI|ISA = 60°F to | SA + 40°F can be |

acconpl i shed by the nethods in appendi x 2. Normal |y, the same nmethod used for data
reduction should be used for data expansion. Use caution in extrapol ating beyond
al titudes that have not been verified by flight tests. General |y, data should not

be extrapol ated more than 3000 feet in altitude.
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d. Special Equipment or Instrunentation. dinb perfornmance tests require ¢
airspeed indicator, sensitive altineter, and total air tenperature indicator wtk
known recovery factor. For reciprocating engine-powered airplanes, an induction
tenperature gauge, engine tachoneter, nanifold pressure gauge and cylinder head
tenperature indicator nay be appropriate. For turbine-powered airplanes, indicat
of power paraneters, such as torque neter, EGI, N, N,, and propeller r.p.m, nay
appropriate. A fuel counter and/or fuel flowreter is useful. Al instrunments
shoul d be calibrated, and the calibration data should be included with the test
records. In addition, a stopwatch and appropriate data recording board and forns
required.

e. GClimb Perfornmance After STC Mdifications. See appendix 10. Appendix 1
i'S not applicable to SFAR 23, SFAR 41, or commuter category airpl anes.

26. SECTI ON 23.67 (as anended bv anendnent 23-34) CLIMB:. ONE ENG NE | NOPERATI VE

N I 1 I bat | ol

(1) Performance Matrix. For all multiengine airplanes, § 23.67 require
t he one-engi ne-i noperative clinb performance be determned in the specified
configuration. The requirenents of § 23.67 are sumarized in the follow ng table:

Regul ation 23.67(a § 23.67(bX(1) § 23.67(b)(2) 23. 67(¢
Eng. Type recinp. recip. recip. turbine
Vi ght (I bs) over 6000 6000 or less 6000 or less (all)
Vgo (kts) (all) over 61 61 or |less (all)
Required R'C .027 Vg2 .027 v 2 no mni num *
required, but
(fpm) at 5000 ft. at 5000 ft. nust be
det er m ned

*(i) 1.2%gradient or 027 Vg if greater, at 5000 feet Hp and 41°F
(1SA) and

(ii) 0.6%gradient or .014 V,.? if greater, at 5000 feet Hp and 81°F
(ISA + 40°F).

(iii) The mininumclinb gradients of (i) and (ii) nust vary linearly
bet ween 40°F and 81°F and nust change at the sane rate up to the maxi mum operating
tenperature approved for the airplane.

(2) Range of Tests. The primary objective of the clinb tests associate
with this requirement is to establish the airplane's clinb performance capability
with one engine inoperative for altitudes between sea | evel and 8000 feet or high
and tenperatures fromI|SA - 60°F to ISA + 40°F. This is necessary to enable
conparison with the prescribed clinb requirenent at 5000 feet altitude, and al so
for AFM presentation of clinb performance data for altitudes and tenperatures as
prescribed in § 23.1587(c)(5). Secondary objectives are to establish the clinb
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speed to be used in the cooling tests required by §§ 23.1041 through 23.1047,
i ncluding the appropriate speed variation with altitude, and to establish the speed

for best rate of clinb (or for mninmm descent, as appropriate) which, irrespective
of the speed used in denmonstrating conpliance with clinb and cooling requirenents,
is required for presentation in the AFM in accordance with § 23.1587(c)(2).

(3) Turbine-Powered Airplane Of-1oad. For turbine-powered airplanes,
offloading is pernmitted to meet the perfornmance requirenents. See discussion in
paragraph 8 of this AC

b. Pr ocedur e.

(1) Critical Engine. To acconplish these objectives, it is necessary
that sawtooth clinbs be conducted with the critical engine inoperative and with the
prescribed configuration and power condition. The "critical-inoperative-engi ne"
for performance considerations is that engine which, when inoperative, results in
the lowest rate of clinb. The critical engine should be deternmi ned by conducting a
set of sawtooth clinbs, one engine at a time. The relative power or thrust
capabilities of each engine should be established so that conparative clinb
performance data can be corrected to equal engine powers.

(2) Test Technique. One-engi ne-i noperative clinb tests should be
conducted at airspeeds and at altitudes as outlined for all-engine clinbs under
§ 23.65. The test technique and other considerations noted under § 23.65 also
apply. In clinb tests with one engine inoperative, however, trimdrag can be a
signi ficant factor and one-engi ne-inoperative clinb tests should be conducted on a
steady heading with the wings laterally level or, at the option of the applicant,
with not nmore than 5° bank into the good engine in an effort to achieve zero
si deslip. A yaw string or yaw vane is needed to detect zero sideslip. The AFM
shoul d describe the method used, and the approximate ball position required to
achieve the AFM performnce.

c. Commuter Cateporv Airplanes.

(1) Clinb G adient. The required clinb gradients are specified in
§ 23.67(e).

(2) dinmb Performnce Methods. Clinb performance should be determined in
the configurations necessary, to construct the net takeoff flight path and to show
conpliance with the approach clinb requirenents of § 23.67(e)(3). Some net takeoff
flight path conditions will require wings level clinb data. See paragraph 22g(1).
[f full rudder with wings |evel cannot maintain constant headi ng, small bank angl es
into the operating engine(s), with full rudder, should be used to maintain constant
headi ng. For all other conditions, clinmb performance nmay be determined with up to
5° bank into the good engine. Two nethods for establishing the critical one-
engi ne-i noperative clinb performance foll ow

(i) Method No. 1. Reci procal heading clinbs are conducted at
several thrust-to-weight conditions from which the performance for the AFMi s
extracted.

(ii) Method No. 2. Drag pol ars and engi ne-out yaw drag data are
obtai ned for expansion into AFM clinb perfornmance. See appendix 2. Reci procal
headi ng check clinbs are conducted to verify the predicted clinb perfornmance.
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(3) Landing Gear Position. The clinb performance tests with |anding gear
extended in accordance with § 23.67(e)(1)(i) shoul d be conducted with the |anding
gear and gear doors extended in the nmost unfavorable in-transit drag position. It
has been acceptable to consider that the critical configuration is associated with
the largest frontal area. For the landing gear, it usually exists with no weight
on the landing gear. For gear doors, it is usually with all the gear doors open.
If it is evident that a nore critical transitional configuration exists, such as
directional rotation of the gear, testing should be conducted in that

configuration. In all cases where the critical configuration occurs during a
transiti on phase which cannot be maintai ned except by special or extraordinary
procedures, it is permssible to apply corrections based on other test data or

acceptable analysis

(4) Cooling Ar. If means, such as variable intake doors, are provided
to control powerplant cooling air supply during takeoff, clinmb, and en route
flight, they should be set in a position which will naintain the tenperature of
maj or power pl ant conponents, engine fluids, etc., within the established linits.
The effect of these procedures should be included in the clinb perfornmance of the
airpl ane. These provisions apply for all anbient tenperatures up to the highest
operational tenperature limt for which approval is desired.

(5) Power. See paragraph 22b.

27.  SECTION 23.75 (as anended by anmendnent 23-34) LAND NG

a. Expl anati on

(1) Purpose. The purpose of this requirement is to evaluate the |anding
characteristics and to determine the |anding distance. The |anding distance is the
hori zontal distance froma point along the flight path 50 feet above the | anding
surface to the point where the airplane has cone to a conplete stop, or to a speed
of 3 knots for seaplanes or anphi bians on water.

(2) Conpanion Requirements. Sections 23,143(a)(5), 23.153, 23.231, and
23. 233 are conpanion requirenents, and normally, tests to determ ne conpliance
woul d be acconplished at the same tine. Additionally, the requirenents of § 23.473
should be considered.

(3) Approach. The steady gliding approach, the pilot skill, the condi-
tions, the vertical accelerations, and the airplane actions in § 23.75(a), (b), and
(¢) are concerned primarily with not requiring particularly skillful or abrupt
maneuvers after passing the 50-foot point. The phrase "steady gliding approach,™”
taken in its strictest sense, nmeans power off. However, it has generally been
consi dered that sone power may be used during a steady gliding approach to naintain
at least 1.3 V and control sink rate on final approach. For those airpl anes
usi ng power during approach, power may be decreased after passing the
50-foot point and there should be no nose depression by use of the Iongitudina
control. For those airplanes approaching with power off, the |ongitudinal control
may be used as necessary to nmaintain a safe speed for flare. In both cases, there
shoul d be no change in configuration and power shoul d not be increased. The
| andi ng di stance and the procedure specified in the AFM are then based on the power
used for the denonstration. The power used and the techni que used to achi eve the
| andi ng di stances should be clearly stated in the AFM This applies to portions of
the approach prior to and after the SO foot height.
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(4) Landing Gear Loads. Sink rate at touchdown during | anding distance
determi nation should be considered and shoul d not exceed the design | andi ng' gear
| oads established by § 23.473(d).

(5) Landing Distance Credit for Diskine Draa and Reverse Thrust. *‘Most
turboprop installations enmbody provisions for reduction of propeller blade pitch
fromthe "flight" regime to a "ground” regime to produce a significant |evel of

di sking drag and/or reverse thrust follow ng touchdown on | andi ng. For purposes of
this discussion, disking drag is defined as not |less than zero thrust at zero
ai r speed. Section 23.75(f) permits neans other than wheel brakes to be used in

deternmining landing distance, when the conditions specified in § 23.75(f) are nmet.
One of the conditions is that the means be safe and reliable.

(i) Reliable. Conpliance with the "reliable" provision of the rule
may be acconplished by an eval uation of the pitch changing/reversing systemin
accordance with § 23.1309. The net hods of AC 23.1309-1 should be used in the
eval uati on even though type-certificated engi ne or propeller systems may not have
been subjected to the AC 23.1309-1 analysis during certification. Additionally,
Soci ety of Autonmpotive Engineers (SAE) docunment ARP-926A, "Fault/Failure Analysis
Procedure,” will assist in conducting reliability and hazard assessnents.

For commuter category airplanes, § 23.1309(d) requires the systemto be designed to
saf eguard agai nst hazards to the airplane in the event the system or any conponent
thereof malfunctions or fails. An acceptabl e nmeans for show ng conpliance with the
requi rement would be to conduct a Failure Mbdes and Effects Analysis (FMEA) of the-
system An accept abl e analysis would show that the effects of any system or
conponent mal function or failure would not result in a hazard to the airplane and
that the propeller reversing systemis reliable. SAE docunent, ARP-926A,

"Faul t/ Failure Analysis Procedure," contains acceptable criteria for conducting such
an anal ysis.

Safe and reliable should also mean that it is extrenely inprobable that the system

can mislead the flight crew or will allow asymetric power settings, i.e., forward
thrust on one engine vs. reverse thrust on the other. In achieving this |evel of
reliability, the system should not increase crew work | oad or require excessive

crew attention during a very dynanmic time period in the |anding phase. Al so, the
approved performance data should be such that the average pilot can duplicate this
performance by follow ng the AFM procedures.

(ii) Safe. Compl iance with the "safe" provisions of § 23.75(f) (1)
will require an evaluation of the conplete systemincluding operational aspects to
ensure no unsafe feature exists.

(iii) Disking Drag: for Multiengine Installations with Flight Idle and
Gound ldle. Symmetrical power/thrust my be used, with power |evers at flight-
idle position during air run, and at ground-idle position after touchdown.
Procedures for consistently achieving ground idle should be established to ensure
that the operational pilot gets the power |lever back to ground idle, and thus
provi di ng consistent results in service. Two of the designs that have been found
acceptable for ground-idle positioning are a dedicated throttle gate or tactile
positioning of the throttle. In effecting thrust changes follow ng touchdown,
al l omance should be made for any time delays that reasonably nay be expected in
service, or which nmay be necessary to assure that the airplane is firmy on the
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surface. See subparagraph b(2) for conmuter category tine del ays. Associ at ed
procedures should be included in the AFM If the disking drag or some other

power pl ant-rel ated device has significant effect on the landing distance, the
effect of an inoperative engine should be determ ned and published in the AFM
Performance  Section. The airplane should be satisfactorily controllable when
| andi ng under the nobst unfavorable conditions expected to be encountered in

service; -including crosswinds, wet runway surfaces and one engi ne inoperative.

(iv) Diskine Drae for Single-Engine Installations with Flieht Idle
and Gound ldle. Landi ng di stances should be determined with the power |evers at
flight-idle position during air run, and at ground-idle position after touchdown.

Procedures for consistently achieving ground idle should be established. Two of
the designs that have been found acceptable for ground-idle positioning are a
dedicated throttle gate or tactile positioning of the throttle. In effecting

thrust changes followi ng touchdown, allowance should be made for any tine del ays
that reasonably may be expected in service, or which my be necessary to assure
that the airplane is firmy on the surface. Associ ated procedures should be
included in the AFM The airplane should be satisfactorily controllable when

| andi ng under the nost unfavorable conditions expected to be encountered in
service, including crosswinds, and wet runway surfaces

(v) Reverse Thrust for Miltiengine Airplanes. In the approval of
reverse thrust for turboprop airplanes, due consideration should be given for
thrust settings allowed, the nunber of operating engines, and control of the
aircraft with one engine inoperative. If landing di stance depends on the operatio
of any engine and if the landing distance would be noticeably increased (2% has
been found acceptable) when a landing is nmade with that engine inoperative, the
| andi ng di stance should be deternmned with that engine inoperative unless the use
of compensating nmeans (such as reverse thrust on the operating engine) will result
in a landing distance not nore than that with each engi ne operating. In effecting
thrust changes foll ow ng touchdown, allowance should be nade for any tine del ays
that reasonably may be expected in service, or which nmay be necessary to assure
that the airplane is firmy on the surface. See subparagraph b(2) for comuter
category tine delays. Associ ated procedures should be included in the AFM The
ai rpl ane should be satisfactorily controllable when | andi ng under the nopst
unfavorabl e conditions expected to be encountered in service, including crossw nds,
wet runway surfaces and one engi ne inoperative.

(vi) Reverse Thrust for Single-~-Enpine Airplanes. |In effecting thrus
changes foll owi ng touchdown, allowance should be nade for any tinme del ays that
reasonably nay be expected in service, or which may be necessary to assure that th
airplane is firmy on the surface. Associ ated procedures should be included in th
AFM The airplane should be satisfactorily controll able when | andi ng under the
nost unfavorabl e conditions expected to be encountered in service, including
Crossw nds, and wet runway surfaces.

(6) Balked landing Transition. For the power conditions selected for th
| andi ng denonstration (except one engine inoperative) and other steady state
conditions of speed and rate of sink that are established during the |anding
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approach, it should be possible, at the 50-foot point, to make a satisfactory
transition to the balked landing clinb requirement of § 23.77 using average
piloting skill without encountering any unsafe conditions.

(7) Commuter Cateeorv. I

(i) Temperature. Section 23.75(g)(l) requires |anding distances be
determned at standard tenperature for the approved range of weights, altitudes,
and wind conditions

(ii) Wnd Corrections. Correction for headwi nd and tailwind shoul d
be made in accordance with § 23.75(g)(3).

(iii) Expansion of Landing Data for a Ranse of Ajrport El evations.
Wien the basic |anding tests are acconplished between sea | evel and approxi mately
3000 feet, the maxi mum all owabl e extrapolation limts are 6000 feet above and 3000
feet below the test field elevation. If it is desired to extrapol ate beyond t hese
linits, one of two procedures nmay be enpl oyed. These procedures are given in
paragraph 19¢(3)(i) and (ii).

b. Procedur es

(1) Technigue., The |anding approach should be stabilized on target
speed, power, and the airplane in the |anding configuration prior to reaching the
50-foot height to assure stabilized conditions when the airplane passes through the
reference height. The engi ne fuel control should be adjusted to the maxi mum
flight-idle fuel flow permtted on airplanes in service unless it is shown that the
range of adjustnment has no effect on |anding distance. A snooth flare should be

made to the touchdown point. The landing roll should be as straight as possible
and the airplane brought to a conplete stop (or 3 knots for seapl anes) for each
landing test. Normal pilot reaction times should be used for power reduction,

brake application, and use of other drag/deceleration devices. See subpar agr aph
b(2) for comuter category tine delays. These reaction tinmes should be established
by a deliberate application of appropriate controls as woul d be used by a norma
pilot in service, They should not represent the mininumtimes associated with the
reactions of a highly trained test pilot.

(2) Commuter Category Tine Del ays.

(i) The time delays shown in figure 27-1 should be used.

(ii) For approved automatic decel eration devices (e.g., autospoilers,
etc.) for which performance credit is sought for AFM data expansion, established
tines determned during certification testing nmay be used w thout the application
of the | -second minimumtime delay required in the appropri ate segnent above

(3) Applicant’s Procedures. The procedures to be foll owed shoul d be
t hose recommended by the applicant.
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ACTUATION ACTUATION
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TOUCH DECELERATION DECEILERATTON
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Transition “from Full braking
touchdown-to full configuration
braking configuration to stop

- This segnent represents the flight test neasured average
tinme fromtouchdown to pilot actuation of the first deceleration
devi ce. For AFM data expansion, use 1 second or the test tine,
whi chever is |onger.

@ = This segnent represents the flight test nmeasured average
test time frompilot actuation of the first decel eration device
to pilot actuation of the_second decel eration device. For AFM
data expansion, see item@above.

Step@ is repeated until pilot actuation of all deceleration
devi ces has been conpleted and the airplane is in the full
braking  configuration.

Figure 27-1 - LANDI NG TI ME DELAYS

(4) Nunber of Landings. For airplanes of nore than 6000 pounds gross
weight, at least siXx |andings should be conducted on the sanme wheels, tires, and

brakes to establish the proper functioning required by § 21.35(b). Six |andings on
the same wheels, tires, and brakes are reconmended for airplanes of 6000 pounds or

| ess.

(5) Wnds. Wnd velocity and direction shoul d be nmeasured adj acent to
the runway during the tine interval of each test run. See paragraph 6a(5) of this
AC for wind velocity and direction tol erances.

(6) Vi ght. Landi ng tests shoul d be conducted at maxi mum | andi ng wei ght.

(7) Approach Angles Geater than 3°. For commuter category airplanes, if
the applicant chooses an approach angle greater than 3, |anding di stances which
result fromutilizing a 3% approach angl e shoul d be determ ned and published in the
AFM to enabl e operators to conply with related operating rules.
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c. Explanation (Conmuter Category). Section 23.77(c)(1) states that the
engines are to be set at the power or thrust that is available 8 seconds after
initiation of novenment of the power controls frommninumflight idle to the
takeoff position.  The procedures given are for the determnation of this maximm
power for showi ng conpliance with the clinmb requirements of § 23.77.

d.- Procedures (Conmuter Category).

(1) Engine Trim  Trimturboprop engines to the mninumidl e speed/ power
to be defined in the airplane maintenance nanual

(2) Engine Power Tests. Engine power tests should be conducted at the
most adverse |anding elevation and tenperature condition, or the range of |anding
altitude and tenperature conditions if the most adverse cannot be readily
det er mi ned

(i) In the critical air bleed configuration, stabilize the airplane
inlevel flight with symmetrical power on all engines, |anding gear down, flaps in
the landing position, at a speed of 1.3 V.., @2t an altitude sufficiently above th
selected test altitude so that tine for descent to the test altitude with al
throttles closed will result in mninumflight-idl e power at test altitude.

(ii) Retard throttles to flight idle and descend at 1.3 Ve to
approxi mtely the test altitude. Wen the appropriate tinme has el apsed; advance
throttle(s) in less than 1 second to obtain takeoff power.

(iii) The power that is available 8 seconds after the initiation of
nmoverment of the power controls fromthe mnimumflight idle position is the maxim
permtted for showing conpliance with the landing clinb of § 23.77 for each of the
bl eed conbinations tested.

(iv) If AFM performance is presented so there is no accountability
for various bleed conditions, the power obtained with the nost critical air bleed
shoul d be used for landing clinb performance for all operations, including the
effects of anti-ice bleed.

e. Data Acquisition and Reduction. The information presented under § 23.65
applies to the balked Tanding clinb.

29.-38. RESERVED.

Section 3. FLI GHT CHARACTERI STI CS
39.  SECTION 23.141 (as amended by anmendment 23-17) GENERAL.

a.  Explanation

(1) Mninmum Flight Characteristics. The purpose of these requirements
to specify mnimumflight characteristics which are considered essential to safet)
for any airplane.  This section deals prinmarily with controllability and
maneuverability. A flight characteristic is an attribute, aquality, or a feature




AC 23-8A
CHG 1 8/30/93

of the fundanental nature of the airplane which is assumed to exist because the
ai rpl ane behaves in flight in a certain consistent manner when the controls are

placed in certain positions or are manipulated in a certain nanner. In some cases,
nmeasurenents of forces, control surface positions, or acceleration in pitch, roll
and yaw may be made to support a decision but normally it will be a pass/fai

judgment by the FAA test pilot.

(2) Exceptional Skills. The phrase "exceptional piloting skill
alertness, or strength," is used repeatedly throughout the regul ations and requires
highly qualitative judgnents on the part of the test pilot. The judgnents should
be based on the pilot's estimate of the skill and experience of the pilots who
normally fly the type of airplane under consideration (that is, private pilot,
comercial pilot, or airline transport pilot skill |evels). Exceptional al ertness
or strength requires additional judgnent factors when the control forces are deened
mar gi nal or when a condition exists which requires rapid recognition and reaction
to be coped with successfully.

(3) Stall Speed Multipliers. All flying qualities and trim speeds may be
based on the forward c.g. stall speeds.

b. Procedures. None
40.-44 . RESERVED.
Section 4. CONTROLLABI LI TY AND MANEUVERABILITY

45, SECTI ON 23.143 (as _anended by amendnent 23-17) GENERAL.

a. Explanation,

(1) Temporary Control Forces. Tenporary application, as specified in the
tabl e, may be defined as the period of tine necessary to performthe necessary
pilot motions to relieve the forces, such as trinmng or reducing power. The
values in the table under § 23.143 of Part 23 are maxi nmuns. There may be
ci rcunst ances where a mexi mum pitch force |l ess than 75 pounds is required for
safety. For exanple, if a pilot is trying to overpower a nose-up autopil ot
mal function during clinb and reduce power at the same tine, a maximum safe force may
be less than 75 pounds. If it is found that a |lower force is necessary for safety,
then that |ower force should be established under § 21.21(b)(2).

(2) Prolonged Control Forces. Prol onged application would be for sone
condition that could not be trimed out, such as a forward c.g. | andi ng. The tinme
of application would be for the final approach only, if the airplane could be flown
in trim to that point.

(3) Controllability. Controllability is the ability of the pilot,
through a proper mani pul ation of the controls, to establish and maintain or alter
the attitude of the airplane with respect to its flight path. It is intended in
the design of the airplane that it be possible to "control" the attitude about each
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failure occurred on an airplane utilizing an extrenmely | arge downspring, the |oss
of the downspring may result in a nose-up pitching nonent at aft c.g. that could
not be adequately countered by the basic pitch trimsystem

h.  Procedures. The wording of the regulation sufficiently describes the
maneuvers required to show conpli ance. The sel ection of altitudes, weights, and
c.g. positions to be flight tested by the FAA wi Il depend on a study of the appli-
cant's flight test report. Normally, the follow ng conbinations are checked during
the certification tests:

(1) Atitude. A lowaltitude and an altitude near the maxi mum altitude
capability of the airplane. A high altitude may not be needed for normally
aspirated engine airplanes.

(2) Weight. Maximumgross weight for all tests, except where otherwise
descri bed in subparagraph (3) bel ow.

(3) CG Section 23.145(a), nost aft c.g. and nost aft c.g. approved for
any weight; § 23.145(b) 1 through 6, nost forward and nost aft c.g.; § 23.145(c),
nmost forward c.g.; § 23.145(d), nost forward c.g. and nost forward c.g. approved
for any weight; and § 23.145(e), both the forward and aft c.g. |ocations.
Section 23.145(e) is sonetines nore difficult to achieve at the aft c.g. than the
forward limt, particularly if the airplane exhibits neutral to divergent phugoid
t endenci es.

(4) Power or Configuration. Pitching nonents resulting from power or
configurati on changes should be eval uated under all conditions necessary to
determine the nost critical denonstration configuration.

c. Data Acquisition. No special instrumentation is required. The exception
to this would be the lo-pound force in § 23.145(d) which should be neasured with a
force gauge. Al longitudinal forces should be neasured if the forces are
consi dered margi nal or excessive.

47, SECTI ON 23. 147 (original issue) D RECTI ONAL AND LATERAL CONTRCL.

a. Expl anat i on.

(1) Engine Failure. Section 23.147(a) established a ni ni num maneuveri ng
capability for an airplane that has sustained an engine failure after takeoff at a
point in the clinb-out path where the airplane has reached a speed of 1.4 V., or
VY (applicant's option). This test assures enough aileron and rudder control to
prevent loss of control during mld maneuvering which nmay be operationally
necessary during clinb-out after takeoff.

(2) Yawed Flight. Section 23.147(b) is intended as an investigation for
dangerous characteristics during sideslip, which may result from bl ocked airflow
over the vertical stabilizer and rudder. Rudder |ock and possible | oss of
directional control are exanples of the kinds of characteristics the test is aimed
at uncovering. Section 23.177 al so addresses rudder | ock. Conpl i ance may be
denonstrated if the rudder stop is reached prior to achieving either 152 of headi ng
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change or the 150-pound force limt providing there are no dangerous
characteristics, The control stop serves nore effectively than the 150-pound force
tolimt the pilot's ability to induce a yaw beyond that which has been
denonstrat ed acceptabl e.
b. Procedures. The airplane configurations to be tested are:

(1) One engine inoperative and its propeller in the m nimum drag
posi tion.

(2) The remai ning engines at not nore than nmaxi num conti nuous power.
(3) The rearmost all owabl e center of gravity.
(4) The landing gear:
(i) retracted; and
(ii) extended.
(5) The flaps in the nost favorable clinb position.
(6) Maxi mum  wei ght.
(7) Airplane trinmmed in the test condition, if possible.

c. Data Acquisition. Data should be recorded as necessary to substantiate
conpl i ance. Forces may be estinmated unless they are considered marginal .

48. SECTION 23.149 (as amended by amendment 23-21) MINIMUM CONTROI. SPEED.

a. Background. Section 23.149 requires the mnimum control speed to be
det er m ned. Section 23.1545 requires the airspeed indicator to be marked with a
red radial |ine. Section 23.1583 requires that V,. be furnished as an airspeed
limtation in the AFM These apply only to nultiengine airplanes. A different V.
airspeed will normally result from each approved takeoff flap setting. There are
variable factors affecting the mnimum control speed. Because of this, YV, should
represent the highest mininmum airspeed normally expected in service. The vari abl e
factors affecting Vyc testing include:

(1) Engi ne Power. Viyc W I increase as power is increased on the
operating engi ne(s). Engi ne power characteristics should be known and engi ne power
tol erances should be accounted for.

(2) Proneller of the Inoperative Reciprocating Engine. Wndmlling
propellers result in a higher Vy. than if the propeller is feathered. V.. is
normal |y measured with propeller windmlling unless the propeller is automatically
feathered or otherwi se driven to a m ninmum drag position wi thout requiring pil ot
action.
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b.  Procedures. The applicant should fly each maneuver for which approval is
sought . The FAA test pilot should then eval uate those maneuvers consi dered nost
critical.

c. Data Acquisition. A recently calibrated airspeed system airspeed
i ndi cator; accel eroneter, and tachomneter shoul d be provided by the applicant for
the test airplane. The foll owi ng shoul d be recorded:

(1) Load factor.

(2) Entry airspeeds.
(3) Maxi mum air speeds.
(4) Maximum r.p.m

50. SECTI ON 23. 153 (as anended by anendnent 23-14) CONTROL DURI NG LANDI NGS.

a. Expl anati on.

(1) Purpose. The purpose of this requirenent is to ensure that
ai rpl anes over 6000 pounds gross wei ght do not encounter excessive control forces
when approaching at a speed of 5 knots |ower than normal |andi ng approach speed.
Al so, a safe landing is required. Safe is considered to include having sufficient
flare capability to overcome any excessive sink rate that may devel op.

(2) Landing Requirenents. Section 23.75 is a conpanion requirenent and
normal ly tests to determine conpliance would be acconplished at the sane tine.

b.  Procedures. The procedures applicable to § 23.75 would apply for
§ 23.153 except that for turbopropeller airplanes, the flight-idle fuel flow
shoul d be adjusted to provide mnimumthrust.

51. SECTI ON 23. 155 (as added by anmendnent 23-14) ELEVATOCR CONTROL FCORCE IN
* MANEUVERS.

a. Expl anat i on.

(1) Stick Force Per G  The purpose of this requirenent is to ensure
that the positive stick force per g levels in a cruise configuration are of
sufficient nagnitude to prevent the pilot frominadvertently overstressing the

airplane during nmaneuvering flight. The m ninum maneuvering stability levels are
generally found at aft c.g. loadings. Both aft heavy and aft |ight |oadings
should be considered. During initial inflight investigations, caution should be

exercised in the event that pitch-up tendencies or decreasing stick force per g
conditions occur.

(2) Buffet Boundari es. Low speed buffet onset may occur during high
altitude  investigations. A qualitative evaluation should be conducted beyond the
boundary of buffet onset to ensure a capability to nmaneuver out of the buffet
regine.
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b. Procedur es. Conpliance with the requirenments of § 23.155 should be
denmonstrated by neasuring the normal accel eration and associ ated el evator stick
force in a turn while maintaining the initial level flight trim speed. A descent
may be required in the turn to maintain the level flight trim speed. As a
mninum the follow ng conditions should be investigated in the cruise
configuration; that is, flaps up and gear up (if retractable):

W ngs Leve
Condition Power Trim Speed Al titude
1 See note Trinmmed (but Low
not to exceed
Ve OT
Vuo/Myo
2 See note Tri mred Al titude for
hi ghest
dynam ¢
pressure (q)
3 See note V, Low
4 See note VA Hi ghest
attai nabl e
approved
altitude

NOTE: 75% maxi mum conti nuous power or maxi mum power sel ected by the applicant as an
operating limtation during cruise (reciprocating engine) or maxinmum cruise power
(turbine).

Conpl i ance nmay be denpbnstrated by neasuring the normal accel eration achieved with

the limting stick force (50 | bs. for wheel controls, 35 Ibs. for stick controls) or II
by establishing the stick force per g gradient and extrapolating to the appropriate

limt. Li near stick force gradients may be extrapolated up to 0.5g maximum

Nonl i near stick force gradients that indicate a possible gradient |ightening at

hi gher g levels should not be extrapolated nore than 0.2g.

c. Data Acqguisition and Reduction. The followi ng should be recorded for each
test condition:

(1) Wt./c.g.

(2) Pressure altitude

(3) Qutside air tenperature (OAT)
(4) Engi ne power paraneters

(5) Trim setting.

(6) Elevator force
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(i) Flight Condition. Stabilize and trimcarefully in the desired
configuration at the desired flight condition

(ii) Control Inputs. Snoothly apply alternating left and right
rudder inputs in order to excite and reinforce the Dutch roll notion. Restrain
the lateral cockpit control at the trimcondition or nerely release it. Continue
the cyclic rudder pulsing until the desired nmagnitude of oscillatory notion is
attained, then snoothly return the rudder pedals to the trimposition and rel ease
them (controls free) or restrain them (controls fixed) in the trimposition

(iii)  Ioput Freauencv. The frequency with which the cyclic rudder
inputs are applied depends on the frequency and response characteristics of the
ai rpl ane. The test pilot should adjust the frequency of rudder pulsing to the
particul ar ai rpl ane. The maxi num Dutch roll response will be generated when the
rudder pulsing is in phase with the airplane notion, and the frequency of the
rudder pulses is approxinately the sane as the natural (undanped) frequency of the
Dutch roll.

(iv) Soiral Mtion. The test pilot should attenpt to terninate the
rudder pulsing so that the airplane oscillates about a w ngs-level condition. This
shoul d effectively suppress the spiral notion

(v) Data. Cbtaining quantitative information on Dutch rol
characteristics fromcockpit instruments and visual observations requires patience,
particularly if the notion is heavily danped. If instrunentation is available to
record sideslip angle versus time, the dynanic characteristics of the maneuver can
readily be determ ned. The turn needle of the needle-ball instrunent can al so be
used to observe 1/10 anplitude danping and the danping peri od.

(2) Steadv Sideslin. The steady sideslip rel ease can also be used to
excite the Dutch roll; however, the difficulty in quickly returning the controls to
trimand the influence of the spiral node often precludes the gathering of good
quantitative results. Full rudder or a very large anplitude sideslip may cause
hi gh 1 oads on the airplane. The rudder pul sing technique usually produces better
Dutch roll data. The steady sideslip release technique is perforned as follows:

(i) FlLight Condition. Stabilize and trimcarefully in the desired
configuration at the desired flight condition

(ii) Control Input. Establish a steady heading sideslip of a
sufficient magnitude to obtain sufficient Dutch roll notion for analysis. Wilize
maxi mum al | owabl e sideslip, using rudder as required. Stabilize the sideslip
careful ly. Qui ckly, but snoothly, return all cockpit controls to trimand rel ease
them (control s-free Dutch roll) or restrain themat the trimposition
(controls-fixed Dutch roll). Both nethods should be utilized.

e. Stabilitv Auenentation Svstens (SAS). |If the airplane is equipped with
SAS, the airplane's characteristics should be eval uated throughout the approved
operating envel ope, following failures which affect the danping of the applicable
mode. Following a SAS failure, if unsatisfactory damping is confined to an
avoi dable flight area or configuration, and is controllable to return the airplane
to a satisfactory operational condition for continued safe flight, the lack of
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appr eci abl e positive danping may be acceptable. Control of the airplane, including
recovery, should be satisfactory using applicable control inputs. Follow ng a
critical failure, the degree of danping required should depend on the effect the
oscillation will have on pilot tasks, considering environnental conditions. The
capability to handle this condition should be denonstrated and eval uat ed. If a
satisfactory reduced operational envel ope is devel oped, appropriate procedures,
performance, and |limtations should be placed in the AFM If acritical failure
results in an unsafe condition, a redundant SAS may be required.

f. Data Acquisition and Reduction. Data acquisition for this test shoul d
support a conclusion that any short period oscillation is heavily danped and any
Dutch roll is danped to 1/10 anplitude in 7 cycles.

76. - 85. RESERVED,
Section 7. STALLS

86. SECTI ON 23.201 (as anmended by anmendnent 23-14) WNGS LEVEL STALL.

a. Expl anat i on.

(1) Stall. Section 23.201(c) defines when the airplane can be
considered stalled, for airplane certification purposes. Wen either of two
conditions occurs, whichever occurs first, the airplane is stalled. The
conditions are:

(i) Uncontroll able downward pitching notion; or
(ii) the control reaches the stop.

Additionally, for airplanes with a stall barrier system stick pusher operation
has been considered as the stall speed. The term "uncontrollable downward
pitching motion" is the point at which the pitching notion can no | onger be
arrested by application of nose-up el evator and not necessarily the first
indication of nose-down pitch. Figure 17-1 shows a graphic representation of
stall speed time histories for various configurations.

(2) Related Sections. The stalled condition is a flight condition that
comes within the scope of §§ 23.49, 23.141, 23.143(b), 23.171, and 23.173(a).
Section 23.143(b) requires that it be possible to effect a "snooth transition"
froma flying condition up to the stalled flight condition and return without

requiring an exceptional degree of skill, alertness, or strength. Any need for
anticipated or rapid control inputs exceeding that associated with average
piloting skill, is considered unacceptable.

(3) Recovery. The flight tests include a determnation that the
ai rpl ane can be stalled and flight control recovered, with normal use of the
controls. Section 23.201(a) requires that for airplanes with independent roll and
directional controls, it nust be possible to produce and correct roll by
unreversed use of the roll control and to produce and correct yaw by unreversed
use of the directional control.
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(4) Power. The propeller condition for the "power-off" tests prescribed
by § 23.201(£)(6) should be the sane as the "throttles closed" condition
prescribed for the stalling speed tests of § 23.49, that is, propellers in the
takeoff position, engine idling with throttles closed. The alternative of using
sufficient power to produce zero propeller thrust does not apply to stal
characteristics denonstrations.

(5) Altitude Loss. Altitude loss in excess of 100 feet and nose-down
pitch in excess of 30" wll be entered in the performance information section of
the AFMin accordance with §23,1587(a)(1) for the wings level stalls.  The power
used to regain level flight may not be applied until flying control is regained.
This is considered to mean not before a speed of 1.2 V1 Is attained in the
recovery dive

(6) Configurations. Stall characteristics should be eval uated:

(i) At maxinum to mininmum weights at aft c.g. Aft [ight |oadings
may be the most critical in airplanes with high thrust to weight ratios.

(ii) Wth the elevator up stop set to the maxi num al |l owabl e
deflection

(iii) Wth maxi mum al | owabl e fuel unbal ance.
(iv) At or near maxinum approved altitude.

Al 'so, airplanes with de-rated engines shoul d be evaluated up to the critica
altitude of the engine and at maxinumaltitude for which the airplane is to be
certified. An airplane may be approved if it has stick pusher operation in one
configuration, such as power on, and has acceptable stall characteristics for the
remaining configurations

b.  Procedures
(1) Energency Egress. It is the responsibility of the applicant to

provi de adequate provision for crew restraint, emergency egress and use of
parachutes (reference § 21.35(d)).

(2) Buildup. The FAA test pilot should carefully review the applicant's
flight test report on stall and recovery characteristics. Generally, the stalls at
more rearward c.g. positions are nore critical than at the forward c.g. position
For this reason, the stall characteristics at forward c.g. should be investigated
first. Atitude shoul d be | ow enough to ensure capability of setting 75% power,
but high enough to acconplish a safe recovery. The 75% power requirenent means 75¢
of the rated power adjusted to the tenperature and altitude test conditions.

Reci procating engine tests conducted on a hot day, for exanple, would require
hi gher manifold pressures to be set so that when chart brake horsepower is adjusted
for tenperature, the result is 75% power.

(3) Pilot Deternminations. During the entry and recovery, the test pilot
should determ ne:
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(i) That the stick force curve remains positive up to the stall
(that is, a pull force is required) (reference § 23.171) when the trim speed is B
hi gher than the stall speed.

(ii) That it is possible to produce and correct roll and yaw by
unreversed use of the rolling and directional control.

(iii) The altitude Ioss.
(iv) The pitch attitude bel ow |evel.
(v) The amount of roll or yaw encountered during the recovery.
(vi) For two-control airplanes with interconnected |lateral and
directional controls, that it is possible to produce and correct roll up to the

stall without producing what, in the opinion of the test pilot, is considered as
"excessive yaw. "

(4) Speed Reduction Rate. Section 23.201(c) requires the rate of speed
reduction for entry not exceed one knot per second.

c¢. Data Acquisition and Reduction.

(1) Instrunents. The applicant should provide a recently calibrated
sensitive altimeter, airspeed indicator, acceleroneter, outside air tenperature
gauge, and appropriate propul sion instrunents; such as a torque nmeter or manifold
pressure gauge and tachoneter, a neans to depict roll, pitch, and yaw angles; and
force gauges when necessary.

(2) Data Recording. Automatic data recording is desirable, but not
required, for recording time histories of instrunented paraneters and such events

as stall warning, altitude |oss, and stall break. The anal ysi s shoul d show t he
relationship of pitch, roll, and yaw with respect to various control surface
defl ecti ons. (See figure 17-1, stall speed determ nation.)

d. Stick Pusher.

(1) Background. Stick pushers have been installed in sonme airplanes
whi ch woul d not neet the requirenments of § 23.201. This was acconplished under the
provisions of § 21.21b(1). In sone airplanes, operation of the stick pusher was
not critical to safe flight and in others, stick pusher perfornmance was essenti al
to safe flight. In the latter case, the stick pusher typically functions as a
stall barrier to prevent an airplane fromentering flight regi nes where a
nonrecoverabl e stall could occur.

(2) Stall Prevention. There are two basic situations where a stick
pusher woul d be necessary to show conpliance with regul ati ons. These are:

(i) Airvlane Recoverable. The stall characteristics are
i nvestigated and during these tests, the airplane does not neet regulatory
requi renents but an inadvertent aerodynamic stall would not be catastrophic or
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i noperative. An "undue spi nning" tendency woul d be considered to exist when other
than nornal use of the controls or exceptional skill, strength, or alertness were
required to prevent spinning. In this case, reduction of power on the operating

engi ne(s) during recovery, would be considered nornal use of the controls.

(2) Power. Section 23.205(b)(4) states, ". . . the renaining engine(s)
at 75% maximum continuous power or thrust, or the power or thrust at which the use
of maximumcontrol travel just holds the wings laterally level in the approach to

stall . . . ." This section states that if use of maxi mum rudder or aileron
control cannot maintain a wings level attitude prior to the stall, the power nay
be reduced from 75% MCP to a poi nt where -nmaxi numcontrol travel just naintains
wi ngs | evel approaching the stall. The intent of this section is to check one-

engi ne-i noperative stall characteristics, not engine-out |ateral directiona
control capability which is covered under tests for VNC

(3) Propeller. If propeller feathering is available (nanual or
automatic), the propeller on the inoperative engine shoul d be feathered.

b.  Procedures. Wth the airplane trimed longitudinally as specified in
§ 23.205(b)(6), with the critical engine inoperative, gear and flaps up, and 75%
MCP on the operating engine, conduct a wings | evel stall by reducing the airspeed
with the elevator control at a rate not greater than 1 knot per second. Keep t he
wi ngs | evel and heading constant up to the stall. If there is insufficient
control to do so, discontinue the nmaneuver and start over with reduced power on
the operating engine. The power reduction should be just enough to all ow keepi ng
wi ngs | evel and heading constant with full control travel. The operating
engi ne(s) may be throttled back during the recovery, but care should be exercised
to reduce previous control inputs as the power is reduced. Record the altitude
loss incurred during the stall in conpliance with § 23.1587(c)(1). The stalls
shoul d be acconplished in snooth air.

c. Data Acquisition. Sane as for other wings level stalls of § 23.201

89. SECTION 23.207 (as anended by anendnent 23-7) STALL WARN NG

a. Explanation

(1) Purpose. The purpose of this requirenent is to ensure an effective
warning in sufficient time to allow a pilot to recover froman approach to a stall
wi thout reaching the stall.

(2) Types of Warning. The effective warning may be from either
aerodynam ¢ di sturbances or froma reliable artificial stall warning device such as
a horn or a stick shaker. The aerodynam c warning is usually nanifested by a
buffet which vibrates or shakes the airplane. The type of warning should be the
sane for all configurations

(3) Artificial Stall Warning. Stall warning devices may be used in cases
where there is inadequate aerodynam c warning. The warning signal fromthe devices
shoul d be clear and distinctive and not require the pilot's attention to be
directed inside the airplane. A stall warning light by itself is not acceptable.
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(4) Margin. The stall warning margin between 5 knots and the greater of
10 knots or 158 of the stalling speed, is applicable when the speed is reduced at
the rate of one knot per second. Stall warning margin at greater deceleration

rates should not be Iess than 5 knots above the stall or above a speed at which
war ni ng woul d beconme objectionable in the normal operating range.

b. Procedures. The stall warning tests should be conducted in conjunction
with the stall tests required by §§ 23.201 and 23. 203.

c. Data Acquisition and Reduction, The speed at which stall warning is
obtained should be recorded. This speed should be conpared to the corresponding
stall speed for the required stall warning margin of between 5 and the greater of
10 knots or 15% of the stalling speed above the corresponding stalling speed.

90.-99. RESERVED.
Section 8. SPI NNI NG

100. SECTI ON 23.221 (as anended bv _anendnment 23-7) SPI NNI NG

a. Explanation.

(1) Spin. A spin is a sustained auto rotation at angles of attack
above stall. The rotary notions of the spin may have oscillations in pitch, roll
and yaw superinposed upon them The fully-devel oped spin is attai ned when the
trajectory has beconme vertical and the spin characteristics are approxi mately

repeatable from turn to turn. Sone airplanes can autorotate for several turns,
repeating the body notions at sone interval, and never stabilize. Most ai rpl anes
will not attain a fully-devel oped spin in one turn.

(2) CGategorvy Spins. Section 23.221 addresses four situations:
(i) Normal category spins.
(ii) Uility category spins.
(iii) Acrobatic category spins.
(iv) Airplanes characteristically incapable of spinning.
(3) Incapable of Spinning. |If an airplane cannot be induced to spin
with attenpted normal entries in accordance with paragraph 100b{6) and abnor mal
entries in accordance wth paragraph 100c(3), it may be considered "character-

istically incapable of spinning." Section 23.221(d) gives the configuration of
the airplane for this test.

(4) Uilitv Catepory Airplames. Uility category is used for airplanes
intended for limted acrobatic operations in accordance with § 23. 3. Spins (if
approved for the particular type of airplane) are considered to be a linmted
acrobatic operati on. This type of airplane may be approved in accordance with
§ 23.221(a), normal category, or with § 23.221(c), acrobatic category.
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b. D scussion and Procedures Applicable to Both Normal and Acrobatic
Category Spins.

(1) Weisht and C G Envel ope. See paragraph 7a of this AC for
di scussion of weight and c.g. envel ope expl oration

(2) Control Deflections. Control surface deflections should be set to
the critical side of the allowable tolerances, for exanple, if the rudder deflec-
tion is 20° £2° left and right, 1 should be rigged at 18° left and right for the
testing if the recovery phase is critical or 22° left and right if the entry phase
is critical.

(3) Emergency Faress. It is the responsibility of the applicant to
provi de adequate provision for crew restraint, energency egress and use of
parachutes (reference § 21.35(d)).

(4) Spin Recovery Parachutes.

(i) Spin recovery parachutes should be installed on all airplanes
requiring spin testing for certification

(ii) The anti-spin systeminstallation should be carefully eval uat
to determine its structural integrity, reliability, susceptibility to inadvertent
or unwanted depl oyment or jettison, and adequate or redundant jettison capability.
NASA recommendat i ons should be referred to when evaluating the design of the chute
depl oyrment and jettison systens. The chute type, diameter, porosity, riser lengtfk
and | anyard |l ength shoul d be determned in accordance w th NASA recomrended
practices to nmaximze the probability the chute will be effective in spin recovery
Chute sizes and particularly riser and | anyard | engths depend strongly on such
aircraft variables as wing design, fuselage shape, tail arm and rmass properti es.
The sizes and | engths shown in the referenced NASA reports are for particul ar
aircraft thatwere tested in the NASA Langley Spin Tunnel and will not necessaril:
be the correct size to recover other aircraft, even if the aircraft layout is
simlar. Appropriate NASA recomendati ons can be found in the follow ng
publications:

(A) NASA Techni cal Paper 1076, "Spin-Tunnel Investigation of
the Spinning Characteristics of Typical Single-Engine General Aviation A rplane
Designs," dated Novenber 1977.

(B) NASA Technical Note D 6866, "Sunmary of Design
Consi derations for Airplane Spin-Recovery Parachute Systens."

(© NASA Conference Paper, CP-2127, 14th Aerospace Mechani si
Synposi um My 1980, entitled, "A Spin-Recovery System for Light General Aviation
Airplanes.”
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The NASA documents are avail able from

Nati onal Technical Information Service (NTIS).
5285 Port Royal Road
Springfield, Virginia 22161

(iii) Final certification of the spin characteristics should be
conducted with the external spin chute removed unless it is determ ned that spin
chute installation has no significant effect on spin characteristics.

(5) Build-Up. When any doubt exists regarding the recovery
characteristics of the test airplane, a build-up technique should be enployed
consisting of spin entries and recoveries at various stages as the nmaneuver

devel ops. Excessive aerodynam c control wheel back pressure indicates a
possibility of unsatisfactory spin characteristics. Any control force |ightening
or reversal is an indication of possible deep stall entry. See subparagraph c¢(7)

for definition of excessive back pressure. A yaw rate instrunent is valuable in
detecting progress toward a fully-devel oped spin condition or an uncontrollable
maneuver . Unusual application of power or controls has sonetines been found to
i nduce uncontrollable spins. Leading with elevator in recovery and cutting power
as the airplane rolls into a spin have been known to induce uncontroll able spins.

(6) Entry. Spi ns should be entered in the sane manner as the stalls in
§§ 23.201 and 23.203 with trimat 1.5 Vg or as close as practical. As the
airplane stalls, with ailerons neutral, apply full-up elevator and full rudder in
the direction of spin desired. Refer to paragraphs 100¢ and 100d for further
di scussion of spin entries.

(7) Recoverv. Recoveries should consist of throttle reduced to idle,
ailerons neutralized, full opposite rudder, followed by forward el evator control as
required to get the wing out of stall and recover to level flight, unless the
manuf acturer determ nes the need for another procedure.

(8) Trinmmable Stabilizer. For airplanes that trimwith the horizonta
stabilizer, the critical positions should be investigated.

(9) Altitude Engines. For airplanes with high-altitude engines, the
effect of altitude should be investigated.

(10) Initial Investigation. In all cases, the initial spin investigation
shoul d be acconplished at as high an altitude above the ground as reasonably
possi bl e and a predetermnined, pre-briefed "hard" altitude established to be used as
the energency egress altitude. In other words, if the airplane cannot be recovered
by that altitude, all occupants should exit the airplane w thout hesitation. The
altitude selected should take into account the opening characteristics of the
par achut es, the difficulty of egress, the estimted number of turns to get out and
the altitude loss per turn, the distance required to clear the airplane before
deploying the parachutes, etc.
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c¢. Discussion and Procedures Applicable to Normal Gategorv_Shins.

(1) Objective. The basic objective of normal category spin testing is
to assure that the airplane will not become uncontrollable within one turn (or 3
seconds, whichever takes longer) if a spin should be encountered inadvertently and
that recovery can be effected w thout exceeding the airplane design limtations.
Type certification testing requires recovery capability froma one-turn spin while
operating limtations prohibit intentional spins. This one-turn "margi n of safety"
is designed to provide adequate controllability when recovery froma stall is
del ayed. Section 23.221(a) does not require investigation of the controllability in
a true spinning condition for a nornmal category airplane. Essentially, the test is
a check of the controllability in a delayed recovery froma stall.

(2) Recovery from Spins with Normal Control Usage During Entry and

Recovery. Nor mal category airplanes nmust recover froma spin after normal recovery
control application is conpleted and one additional turn has passed. For exanpl e,
if you are spinning left with ailerons neutral, recover by reducing power to idle,
if not already at idle, apply full right rudder followed by forward elevator. At
this point, start the count (heading, ground reference, etc.) for one turn. See
subpar agraph c(5) for use of flaps. Intentional, inadvertent, normal, up to 60°

bank, and accel erated stalls should be considered.

(3) Recovery from Spins Following Abnormal Control Usage During: Entry and

Riovgempal control usage should be evaluated during the spin to ensure that
uncontrol | abl e spins do not occur. The intent of these tests is to induce all of

the types of control usage, whether they are right or wong, that m ght be used
during the operation of the airplane. These checks include, as a mninum the
effect of ailerons with and against the spin, the effect of elevator applied before
the rudder at recovery, the effect of slow elevator release, the effect of entry
attitude, the effect of power on at the entry, and the effect of power left on
during the spin. Ailerons with and agai nst the spin should be applied at entry and

during spins. El evator and rudder against the spin should be applied during the

spi n. Spi nni ng should continue for up to three seconds, or for one full turn, while
the effects of abnormal aerodynam c control inputs are observed. Apply norma
recovery controls as outlined in subparagraph c(2). Up to two turns for recovery is

consi dered accept abl e

(4) Spin Matrix. The effects of gear, flaps, power, accelerated entry,

and control abuse should be investigated. A suggested matrix for spin investiga-
tion is given in figure 100-1. It is the responsibility of the applicant to
explore all critical areas. It may be possible to elimnate the need to conduct

some of the additional conditions once the airplane responses are known.
(5) Flaps. Section 23.221(a) specifies that for the flaps extended

condi ti on, the flaps may be retracted during the recovery. Flap retraction should
not be initiated until after airplane rotation has ceased. I
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(6) Power. The use of power for spin entry for both nornmal and abnor nal

control use is reconmended in order to deternmine the effects of power on spin

characteristics and spin recovery procedures. For power on nornmal category spins,

the throttle can be reduced to idle after one turn.

(7) Back Pressure. Excessive back pressure is cause for nonconpliance.
Excessive back pressure is a judgnent itemand is defined as excessive force
required to pitch the airplane down in recovery. Back pressure should not
interfere with pronpt and normal recovery.

d. Di scussi on and Procedures Annlicable to Acrobatic Category Spins.

(1) Objective. The basic objective of acrobatic category spin testing
is to ensure that the airplane will not becone uncontrollable when a spinis
intentionally entered and:

(i) The controls are used abnormally (as well as normally) during
the entry and/or during the spin;

(ii) the airplane will recover in not nore than 1 1/2 turns after
conpl eting application of normal or manufacturer-prescribed recovery controls; and

(iii) no airplane limtations are exceeded, including positive
maneuvering |l oad factor and |linit speeds.

(2) Pilot Training;. It is assumed that the pilot of the acrobatic
category airplane that spins for six turns is doing so intentionally. [f spinning
is intentional, the pilot should have had proper instruction and proficiency to
effect a proper recovery. The pilot should be expected to follow the published

procedure to recover fromthis planned maneuver.

(3) Abnormal Control Usage. The di scussion of "abnormal" use of
controls in paragraph 100c(3) al so applies to acrobatic category spins. Abnor mal
control usage should be evaluated at several points throughout the spin to ensure
that uncontrollable spins do not occur. These checks include, as a mininum the

effect of ailerons with and against the spin, the effect of elevator applied before
the rudder at recovery, the effect of slow elevator release, the effect of entry
attitude, the effect of power on at the entry, and the effect of power left on

during the spin. Spi nni ng shoul d continue for up to six full turns while the
effects of abnormal aerodynamic control inputs are observed. The effect of |eaving
power on in the spin need only be examned by itself up to one full turn. Fol | owi ng

abused control usage, reversion to normal pro-spin controls for up to two turns is
acceptable, prior to the nornmal recovery control inputs, which nmust result in
recovery in not nore than two turns. In addition, going directly fromthe control
abuse condition to the nornmal recovery control condition should not render the spin
unrecoverabl e. For exanple, after evaluating the effect of relaxing the back stick
input during the spin, it would be reasonable to expect the pilot to apply nornal
recovery use of rudder and elevator without first returning to full back stick.

(4) FElaps. If an acrobatic category airplane is placarded agai nst

intentional flaps down spins, then only normal category procedures need be used for
the flaps down configurations.
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(5) Snin Mtrix. The effects of gear, flaps, power,
and nornmal and abnormal control use should be investigated.
spin investigation is given in figure 100-1. It
applicant to explore all critical areas. It
cover six-turn spins. The nor mal
one additional turn each tine. I't
some of the additional

accel erated entry,

A suggested matrix f«

is the responsibility of the
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procedure is to continue the same process and ac
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conditions once the airplane responses are known.
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(6) Spiral Characteristics. The acrobatic spin requirement stipulates |
that for the flap retracted six-turn spin, the spin may be discontinued after
3 seconds if spiral characteristics appear. Thi s does not nean that the spin test
programis discontinued. Each test point should stand al one and that spin be
di scontinued only after a spiral has devel oped. Limt speed should not be
exceeded in the recovery. The airplane may be certificated as an acrobatic
ai rpl ane whether or not it can spin a mnimmof six turns.

(7) Recovery Placard. Section 23.1583(e)(3) requires that acrobatic .
ai rpl anes have a placard listing the use of controls required to recover from
spinning  maneuvers. Utility category airplanes approved for spins should also
have such a pl acard. Recovery control inputs should be conventional. If special
sequences are enployed, then they should not be so unique to create a recovery
probl em

(8) Commlex Instrunentation. Wen conplex instrunentation is installed,l
such as wing tip boons or a heavy telenmetry system the instrunentation may affect
the recovery characteristics. Critical spin tests should be repeated with the
i nstrumentation renoved.

e. Data Acquisition. The test airplane should be equipped with a calibrated
ai rspeed indicator, acceleronmeter, and altineter. Preci se control of weight and
bal ance and control deflections is essential.

f. Optional Eauipment. |n those cases where an airplane is to be certified
with and without optional equipnent such as deicing boots, asynmetric radar pods,
outer wing fuel tanks, or winglets, sufficient tests should be conducted to ensure
compliance in both configurations.

101.-105. RESERVED.
Section 9. GROUND AND WATER HANDLI NG CHARACTERI STI CS

106. SECTI ON 23.231 (original issue) LONG TUDI NAL STABILITY AND CONTROL.

a. Expl anati on.

(1) For I|andplanes, §§ 23.231(a) and 23.233 are conpanion requirenments
to § 23.75.

(2) For floatplanes, §§ 23.231(b) and 23.233 are conpani on requirenents
to § 23. 75.

(3) The requirenments for both | andplanes and fl oatplanes apply to
anphi bi ans.
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h.  Procedures.

(1) Landpl anes should be operated fromall types of runways applicable
to the type of airplane. Taxi, takeoff, and |anding operations should be eval uated
for acceptable characteristics. This shoul d include idle power |andings as well as
| andi ngs and takeoffs with procedures used in §§ 23.75 and 23. 51.

(2) Floatplanes should be operated under as nmany different water
conditions as practical up to the maxi mum wave hei ght appropriate to the type of
ai rpl ane. Taxi (both displacement and step), takeoff, and |anding operations
shoul d be eval uated for acceptable characteristics. This includes idle power
| andings as well as landings and takeoffs with procedures used under §§ 23.75 and
23.51.

(3) Anphi bians shoul d be evaluated in accordance with both itenms (1) and
(2) above.

c. Procedures - Miltiengine Airplanes. Evaluate all of the considerations
contained in paragraph 106b, plus the effects of one engine loss during water
operati ons.

d. Airplane Flight Minual (AFM). The AFM shoul d include appropriate
limtations plus denonsirated wind and sea state conditions.

107. SECTION 23.233 (original issue) DI RECTI ONAL STABILITY AND CONTROL.

a.  Explanation.

(1) Crosswi nd. This requl ati on establishes the m ni num val ue of

crosswind that nust be denonstrated. Since the ninimumrequired value may be far
less than the actual capability of the airplane, higher values may be tested at
the option of the applicant. The highest 90° crossw nd conponent tested

satisfactorily should be put in the AFM as perfornance infornation.

(2) Gound Loops. Section 23.233(a) does not preclude an airplane from
having a tendency to ground |oop in crosswinds, providing the pilot can control
the tendency using engine power, brakes, and aerodynam c controls. The operating
procedures should be placed in the AFMin accordance with § 23.1585(a).

(3) Controllability. Section 23.233(b) is not related to the crossw nd
requirenent of 8 23.233(a). The denonstration of conpliance with this requirement
is acconplished into the wind. The test pilot is searching for any unusual
controllability problenms during |anding and nust use judgnment as to what consti-

tutes "satisfactorily controllable" since, at some point in the |anding rollout,
the aerodynam c controls may become ineffective.

(4) Taxi_ Controllability. Section 23.333(c) requires the airplane to
have adequate directional controllability for taxi operations on land for
| andpl anes, on water for floatplane's, and on land and water for anphi bians.
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(7)  Speed Margins. Ohce it is established whether the airplane limt:
will be Vﬁ or VMO’ appropriate speed margins and markings may be evaluated. Th
factors Ou%lined‘ln § 23.335 have been considered in establishing mni‘mum speed
margins during past type certification prograns for the appropriate speeds. The

factors to be considered are

(i) Increnent allowance for gusts (0.02M).

(ii) Increnent allowance for penetration of jet stream orcold
front (0.015M).

(iii) I ncrement all owance for production differences of airspeed
systens (0.005M), unless larger tolerances or errors are found to exist.

(iv) Increnment allowance for production tolerances of overspeed
warning errors (0.01M), unless larger tolerances or errors are found to exist.

(v) Increnent allowance AM, due to speed overshoot from 0
est abl i shed by upset during flight tests in accordance with § 23.253, should be
added to the values for production differences and equi pnent tol erances, and the
m ni mum accept abl e conbi ned val ue should not be |less than 0.05M bet ween 1\11211 and

The val ue of MMO shoul d not be greater than the | owest val ue obtai ne 0from
each of the follow ng equations and from § 23. 1505:

Mo = M - AM = .005M - .01M
or MMO = \MD = ,05M

(vi) Altitudes where g is limting, the allowances of itens (i) a
(ii) are applicable and the Mach increnment is converted to the units used for the
limts.

(vii) At altitudes where q is limting, the increment allowance for
production differences of airspeed systens and production tol erances of overspee
warning errors are 3 and 6 knots, respectively, unless larger differences or
errors are found to exist.

(viii) Increnent all owance /\V, due to speed overshoot from V.
est abl i shed by upset during flight tests in accordance with § 23.253, shoufgobe
added to the values for production differences and equi pnent tol erances. The
val ue of VM shoul d not be greater than the | owest obtained fromthe foll ow ng:

0

VMO = VD - AV -3 knots (prod. diff.) = 6 knots (equip. tol.)
or for VNO ai rpl anes

VNO _ VD - AV - 3 knots (prod. diff.) - 6 knots (equip. tol.)
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b.  Procedures. Using the Vys/Vyo, Myo, Or the associated design or
denmonstrated dive speeds determ ned in accordance with §§ 23.251, 23.335, and
23. 1505, the airplane should be shown to conply with the high speed characteristics
of § 23.253 and that adequate speed margi ns exi st. Unl ess ot herwi se stated, the
ai rpl ane characteristics should be investigated at any |likely speed up to and
i ncluding Vyo/Vuo Or Mo; and the recovery procedures used should be those sel ected
by the applicant, except that the normal accel eration during recovery should be
1.5g (total),

(1) Center-of-Gavity Shift, The airplane should be upset by the

center-of-gravity shift corresponding to the forward novenent of a representative
nunber of passengers dependi ng upon the airplane interior configuration. The

ai rplane should be allowed to accelerate for 3 seconds after the overspeed indica-
tion or warning occurs before recovery is initiated. Not e the maxi mum ai r speed.
Do not exceed Vp/M,.

(2) Inadvertent Control Mvenent. Sinulate an evasive control
application when trimmed at V,,/M, by applying sufficient forward force to the
el evator control to produce 0.5 g (total) for a period of 5 seconds, after which
recovery should be effected at not nore than 1.,5g (total). Care shoul d be taken
not to exceed Vp/Mp during the entry maneuver.

(3) Gust Unset.

(i) Lateral Unset. Wth the airplane trimmed at any likely cruise
speed up to Vyo/Myo in wings level flight, performa lateral upset to the sane
angl e as that for autopilot approval, or to a maxi num bank angle appropriate to
the airplane, whichever is critical. Qperational ly, it has been deternined that
the maxi mum bank angl e appropriate for the airplane should not be |less than 45°,
need not be greater than 60" and shoul d depend upon airplane stability and
inertia characteristics. The | ower and upper limts should be used for airplanes
with | ow and hi gh maneuverability, respectively. Following this, with the
controls free, the evaluation should be conducted for a mininnum of 3 seconds after
the calibrated value of Vyg/Myo (not overspeed warning) or 10 seconds, whichever
occurs first.

(ii) Longitudinal Unset. Perform a | ongi tudi nal upset as follows:

(A) Trim at Vyo/M,o using power required for level flight but
with not nore than maxi mum conti nuous power. If the airplane will not reach Vy,/My
at maxi mum conti nuous power, push over to V,,/My,, and trim

(B) If descending to achieve Vys/My, return to level flight
wi thout changing trim

(C) Perform a |ongitudinal upset from normal cruise by
displacing the attitude of the airplane in the range between 6-12°, which has been
deternmi ned from service experience to be an opti mum range. The val ue of
di spl acement shoul d be appropriate to the airplane type and shoul d depend upon
airplane stability and inertia characteristics. The | ower and upper limts should
be used for airplanes with | ow and hi gh maneuverability, respectively.

(D) The airplane should be permitted to accelerate until 3
seconds after the calibrated value of V, /M, (not overspeed warning).
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(iii) Two-Axis Upset. Perform a 2-axis upset consisting of a
| ongi tudi nal upset conbined with a |ateral upset. Perform a | ongitudi nal upset by
di splacing the attitude of the airplane as in the previous paragraph, and
simul taneously perform |l ateral upset by rolling the airplane to the 15-25° bank
angle range, which was determ ned to be operationally representative. The val ues of
di spl acement should be appropriate to the airplane type and should depend upon
airplane stability and inertia characteristics. The | ower and upper limts should
be used for airplanes with | ow and hi gh maneuverability, respectively. The
established attitude should be maintained until the overspeed warning occurs. The
ai rpl ane should be permitted to accelerate until 3 seconds after the calibrated
val ue of V,o/Myo (Nnot overspeed warning). |

(4) Leveling Of From dinb. Performtransition fromclinmb to |evel
flight without reducing power bel ow the maxi num value permtted for clinb until the
over speed warni ng has occurred. Recovery shoul d be acconplished by applying not

nmore than 1.5g (total).

(5) Descent From Mach to Airspeed Limit Atitude. A descent shoul d be
initiated at My, and perforned at the airspeed schedule defined in My, until the

overspeed warning occurs. The airplane should be pernitted to descend into the
airspeed |linmt altitude where recovery should be acconplished after overspeed
war ni ng occurs by applying not nore than 1.5g (total). The maneuver shoul d be

completed without exceeding V,.

122.-131. RESERVED

93 (and 94)







AC 23~
8/30/93 CHC

(4) High_Speed Malfunctions. When high speed mal functions are
introduced at V. or Vyo/My,, Whichever is appropriate, the speed excursion, using
the primary controls and any speed reduction control s/ devices, should not exceed
the denonstrated upset speed established under § 23.253 for airplanes with a
Vyo/Myo speed linmitation and a speed nidway between V. and V, or those airplanes
certified with a V limtation.

(5) Speed Limitations. The use of a reduction of Vy/Vyg/Mu/ iN
conmplying with paragraph e(4) of this section is not considered acceptable, unless
t hese new speeds represent linmtations for the overall operation of the airplane.

(6) Forces. The forces encountered in the tests should conformto the
requi rements of § 23.143 for tenporary and prol onged application. Al so, see
par agraph 45 of this AC

140. SECTI ON 23.679 (original issue) CONTROL SYSTEM LOCKS. This subject is
covered in AC 23.679-1.

141. SECTI ON 23. 697 W NG FLAP CONTROLS. (RESERVED).

142. SECTI ON 23. 699 W NG FLAP POSI TI ON | NDI CATOR. ( RESERVED) .

143. SECTI ON 23. 701 FLAP | NTERCONNECTI ON. ( RESERVED)

144 .-153. RESERVED.

Section 3. LANDI NG GEAR

154. SECTI ON 23.729 (as anended bv anmendnent 23-26) LANDI NG GEAR EXTENSI ON AND
RETRACTION  SYSTEM This subject is covered in AC 23.729-1.

155. SECTI ON 23. 735 BRAKES. (RESERVED).

156.-160. RESERVED.

Section 4. PERSONNEL AND CARGO ACCOMMODATI ONS

161. SECTI ON 23.771 PILOT COVPARTMENT. (RESERVED).

162. SECTI ON 23. 773 (as _anmended bv_anendnent 23-14) PILOT COMPARTMENT VI EW

a. Pilot Position and View For all evaluations, the pilot(s) should be
seated at the intended design eye level as determned by an installed guide, if
establ i shed. If an intended design eye level is not provided, the nornal seating
position should be used. The field of view that should remain clear should inclu

the area specified in § 23.775(d).
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b. External  View. The external vision should be evaluated in all [ighting -
and environnmental conditions (day and night) with the airplane in all attitudes
normal |y encount er ed. Attention to windshield distortion or refraction should
especially be given to the view toward the approach and runway |ights and the
runway  marKkings. Since glare and reflection often differ with the sun's
i nclination, consi deration should be given to evaluating the cockpit at m dday

and in early norning or |late afternoon. If the windshield is heated, evaluations
should be conducted with heat on and off. Distortion and refraction should be so
low as to prevent any unsafe condition, wunusual eye strain or fatigue. "Saf e
operation,” as used in § 23.773(a)(l) includes the ability to conduct straight

ahead and circling approaches under all approved operating conditions, including
operations in high hunmidity and icing conditions (if appropriate).

c. Night Approval. |If night approval is requested, all lighting, both
internal and external, should be evaluated in likely conbinations and under
expected flight conditions. I nstrunent lighting should be evaluated at ni ght under
a variety of ambient conditions, including night |IFR W ndshi el d/ si de wi ndow
reflections that distract fromtraffic avoidance, |anding approach and | anding are
not acceptable. Landing |lights, strobes, beacons, and recognition |lights should be
evaluated to ensure no adverse reflections or direct inpingenent into the cockpit.

d. Defoaq/Defrost/Deice. The adequacy of the defog/defrost/deice systens
shoul d be eval uated under the follow ng conditions:

(1) Extended cold soak at maxinmum altitudes and ni ni num t enperatures.
The airplane should be exposed to a cold environnent appropriate to m nimum
expect ed t enper at ur es. The airplane should al so be evaluated after remaining
outside on a cold night.

(2) The airplane should be exposed to cold tenperatures (cold soaked)
and then descended into a warner, nore npist air nmass to assess ability to
maintain a clear field of view To properly evaluate internal fogging, the test
ai rpl ane should be flown at night at high altitude for at |east two hours (or

until the wi ndshield tenperature stabilizes). Then, using proposed AFM procedures,
the airplane should be rapidly descended to an approach and landing in a high
humidity area (recommend dewpoint at |east 70°F). If manual clearing by the
pilot(s) is required, it should be "easily" acconplished by an average pilot. The
applicant should provide any special equipnent required to acconplish the manua
clearing. Repeated i medi ate clearings after manually w ping the wi ndshield would
not seemto fit the "easily cleared" requirenents. The "easily cleared" aspects
shoul d al so be eval uated considering the fact that the fogged w ndshield could frost
under certain conditions. If manual clearing is required, pilot workload should be

carefully evaluated if |IFR approval is sought.
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(3) Evaluations should be conducted in noderate rain, day and night (if
approval is sought), takeoffs, |andings, and taxi

e. Two Pilot Airplanes. It is recommended that two pil ot airplanes have
pilot visibility in accordance with Society of Autonptive Engi neers (SAE) Aerospace
Standard AS 580B, "Pilot Visibility fromthe Flight Deck Design Objectives for
Commerci al Transport Aircraft.”

f. Cockpit_Camera. An evaluation and docunmentation of the cockpit using a
bi nocul ar canmera is highly desirable.

163. SECTI ON 23. 777 COCKPI T CONTROLS. (RESERVED)

164. SECTI ON 23.803 (as added by_anendnent 23-34) EMERGENCY EVACUATI ON. Thi s
subject is covered in AC 20-118A.

165. SECTI ON 23.807 (as anended by anendnent 23-34) EMERGENCY EXITS. AC' s
23.807-2 and 23.807-3 address this subject.

166. SECTI ON 23. 831 VENTI LATI ON. ( RESERVED).

167.-175. RESERVED

Section 5. PRESSURI ZATI ON

176. SECTI ON 23.841 (as anended by anendnent 23-17) PRESSURI ZED CABI NS
AC 23.841-1 addresses this subject.

177. SECTI ON 23, 843 PRESSURI ZATI ON TESTS. ( RESERVED)

178.-188. RESERVED

98-1 (and 98-2)
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10 hours, the radial error should not exceed 2 n.m. per hour of operation on a 95%
statistical basis. For flights longer than 10 hours, the error should not exceed
+20 n.m. cross-track or +25 n.m. along-track error. A2nm radial error is
represented by a circle, having a radius of 2 n.m., centered on the sel ected
destination  point.

(ii) E ectronmagnetic Conpatibility (EMc), Wth all systens
operating in flight, verify, by observation, that no adverse effects are present in
the required flight systens.

(13) Doppler Navigation

(i) Doppler navigation systeminstalled performance shoul d be
eval uated in accordance with AC 121-13.

(ii) Electro etic Compatibility (EMC). Wth all systens
operating in flight, verify, by observation, that no adverse effects are present in
the required flight systens.

(14) Audi o Interphone Svstens.

(i) Acceptable communi cations should be denonstrated for all audio
equi pnent i ncludi ng m crophones, speakers, headsets, and interphone anplifiers.
Al nodes of operation should be tested, including operation during emergency
conditions (that is, energency descent, and oxygen masks) with all engines running,
all pulse equipnent transmtting and all electrical equipnent operating. If aural
warni ng systens are installed, they should be eval uated, including distinguishing
aural warni ngs when usi ng headphones and with high air noise |evels.

(ii) Electromagnetic Compatibility (EMC). Wth all systens
operating during flight, verify, by observation, that no adverse effects are
present in the required flight systens.

(15) Electronic Flight Instrument Systemis See AC 23.1311-1. a

(16) VLF/Omega Navieation Systens. See AC s 20-101B, 90-79, 120-31A, and
120- 37

(17) LORAN ¢ Navigation Systens. See AC 20-121A. .

(18) Mcrowave Landi ne Svstens. ( RESERVED) .

288. SECTI ON 23.1303 (prior to anendnent 23-17) FLIGHT AND NAVI GATI ON | NSTRUVENTS

a. Explapation. Section 23.1303, as anended by anendnent 23-17, provides
for a speed warni ng device for all turbine engi ne-powered airplanes. Section
23.1303(e) should not be applied to Arended Type Certificates or Suppl enental Type
Certificates (S8TCs) with a certification basis prior to amendment 23-17, where a
reci procating engine is replaced with a turbine engine under § 21.101(b), since it
woul d normal Iy increase the |evel of safety above that established by the
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regul ations referenced on the original type certificate. An aural speed warning

device may be required on such airplanes only if an unsafe condition woul d exi st
wi thout one.

h. Procedure. The fol |l owi ng procedure shoul d be used to determ ne whet her
an unsafe condition exists when converting a reciprocating engine small airplane to
turbine engine(s):

(1) Determine if there is any distinctive natural warning that becones
unm stakably evident if the limting speed (V 0? V..) is exceeded by 6 knots or the
limting Mach (M, ) is exceeded by .01, Aerogynamlc buffet by itself is not
consi dered an adequate natural warning of an overspeed condition (see paragraph
121a(6)).

(2) The airplane should be evaluated for conpliance with the high-speed
characteristics of § 23.253. An acceptabl e neans of denonstrating conpliance is
provided in this section.

(3) Wien evaluating the specific upset conditions for determning the
need for an overspeed warning device, record the airspeed at the end of the

specified delay times. If an overspeed warning systemis not installed, or there
is no natural warning, the time delays shall begin at the airspeed defined for
over speed warning, that is, VNO/ plus 6 knots or plus 0,0IM, If the

airplane will accelerate to nore an the previous V__"or to a speed nore than half
way between VMO/MMO and VD/MD, then an overspeed warning Wi ll be required.

(4) V 0/ 0 is established by procedures defined in § 23.335(b) and an
upset naneuver tﬁ%t 18 attitude, tine, thrust, and drag sensitive. Al established
recogni tion and recovery procedures for determning the acceptability of a given
VM /MMo under §§ 23,251 and 23.253 are predicated upon the pilot receiving a clear
ang distinct warning slightly past the established VMO/ « Definite recognition
establ i shes the beginning of tine delay for 3 seconds ptloP to recovery
inititation, thus providing an adequate nornal operation margin for recovery. If
an airplane accel erates rapidly enough during this tine delay, to exceed the
previously established VNE’ or half the distance between VM /MMo and V. /M., the
time remaining to recover is considered inadequate to neet ghe Criteria” envisaged
in the procedures prescribed in § 23.335(b). This would be considered as an unsafe
feature under the provisions of § 21.21.

289. SECTI ON 23. 1303 (as amended by anmendrment 23-17) FLI GHT AND NAVI GATI ON
| NSTRUVENTS

a. Free Air Tenperature (FAT). Section 23.1303(d) requires that turbine
engi ne-powered airplanes have a free air tenperature indicator or an air
tenperature indicator that provides indications that are convertible to free air.
The tenperature pickup can be calibrated against a test pickup of known
characteristics, or by flying at various speeds at constant altitude, or by tower
fly-by. This calibration is frequently done in conjunction with one or nore of the
ai rspeed calibration nethods described in paragraph 302 of this AC.  The constant
altitude and tower fly-by calibration methods are described in Air Force Technica
Report No. 6273 (see appendix 2, paragraph f(2) of this AQ.

b. Renmaining Flight and Navigation |nstrunents. (RESERVED) .
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CHAPTER 6.  OPERATING LI M TATI ONS AND | NFORMATI ON
Section 1.  GENERAL

365.  SECTION 23. 1501 (as anmended by amendnent 23-21) GENERAL.

a.  Explanation

(1) Flight Crew Information. This section establishes the obligation
informthe flight crew of the airplane's limtations and other information neces
sary for the safe operation of the airplane. The information is presented in tf
formof placards, warkings, and an approved AFM  Appendi x 4 can be used to assi
in determning which methods of presentation are required.

(2) Mninmum Limtations. Sections 23.1505 thru 23.1527 prescribe the
mnimumlimtations to be determned. Additional limtations may be required.

(3) Information Presentation. Sections 23.1541 thru 23.1589 prescrib
how the information should be made available to the flight crew

h. Procedures. None.

366.  SECTION 23. 1505 (as amended by amendnent 23-7) AlIRSPEED LI M TATI ONS

a. Explanation. This section establishes the operational speed limtatio
whi ch establish safe nargins bel ow design speeds. For reciprocating engine-pove
airplanes there is an option. They nay either establish a never-exceed speed (x
and a nmaximum structural cruising speed (v 0) or they may be tested in accordanc
with § 23.335(b)(4) in which case the airplane is operated under a maxinum
operating speed concept (v, _ /¥ ) For turbine-powered airplanes, a Vo Mo shc
be established. Tests associated Wi th establishing these speeds are uiscusSed
under § 23.253, Hi gh Speed Characteristics.

h. Procedures. None.

367.  SECTION 23. 1507 (original issue) MANEUVERING SPEED. This regulation is se
expl anatory.

368.  SECTION 23.1511 (original issue) FLAP EXTENDED SPEED. This regulation is
sel f-explanatory.

369.  SECTION 23.1513 (original issue) MN MM CONTROL SPEED. This regulation i
sel f-expl anatory.

370.  SECTION 23.1519 (original issue) WEIGHT AND CENTER OF GRAVITY. This
regul ation is self-explanatory.

371.  SECTION 23. 1521 POMNERPLANT LIM TATIONS.  ( RESERvED) .

372. SECTION 23.1523 (as anended by amendment 23-21) M N MUM FLI GHT CREW Al |
configurations evaluated should be carefulTy docunmented
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373. SECTI ON 23. 1523 (as anended bv amendnent 23-34) M N MUM FLI GHT CREW

a. Discussion. The followi ng should be considered in determ ning mninum
flight crew

(1) Basic Workload Functions. The follow ng basic workload functions
should be considered

(i) Flight path control

(ii) Collision avoidance.
(iii) Navigation

(iv) Comunications.

(v) Operation and nonitoring of aircraft controls.

(vi) Command deci sions.
(vii) Accessibility and ease of operation of necessary controls.

(2) Workload Factors. The followi ng workl oad factors are considered

signi ficant when anal yzi ng and denonstrating workload for mninmumflight crew
det erm nation

(i) The inpact of basic airplane flight characteristics on
stability and ease of flight path control. Some factors such as trimmbility,
coupling, response to turbul ence, danmping characteristics, control breakout forces
and control force gradients should be considered in assessing suitability of
flight path control. The essential elenents are the physical effort, mental effort
and time required to track and analyze flight path control features and the
interaction with other workl oad functions.

(ii) The accessibility, ease, and sinplicity of operation of all
necessary flight, power, and equi prment controls, including energency fuel shutoff
valves, electrical controls, electronic controls, pressurization system controls,
and engine controls.

(iii) The accessibility and conspicuity of all necessary instrunments
and failure warning devices such as fire warning, electrical system nmal function,
and other failure or caution indicators. The extent to which such instrunents or
devices direct the proper corrective action is also considered.

(iv) For reciprocating-engine-powered airplanes, the conplexity and
difficulty of operation of the fuel systemw th particular consideration given to
the required fuel managenent schedul e necessitated by center of gravity,
structural, or other airworthiness considerations. Addi tionally, the ability of
each engine to operate continuously froma single tank or source which is

automatically replenished fromother tanks if the total fuel supply is stored in
nore than one tank.
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FAA approval is indicated by the signature of the Aircraft Certification Ofice
Manager, or his representative, on the cover page and a page effectivity table so
that it is clear to the operational pilot exactly which pages are applicable and
the date of approval.

(2) Section 23.1581(b)(2). The AFM nust have an approved |limtations
section and this approved section nust contain only limtations (no procedures,
performance, or loading information allowed). The limtations section nust be
identified and clearly distinguished fromother parts of the AFM  The renai nder of
the manual may contain a nmixture of approved and unapproved information, without
segregation or identification. However, the other required material (procedures,
performance, and |l oading information) nust be determ ned in accordance with the
applicable requirenments of Part 23. The neani ng of "acceptable," as used in
§ 23.1581(b)(2)(ii), is given in the preanble to amendnent 23-21. The applicable
portion of the anendment 23-21 preanble is as foll ows:

“In finding that a manual is acceptable, the FAA would
review the nmanual to determne that the required
information is conplete and accurate. The manual

woul d al so be reviewed to ensure that any additional
information provided by the applicant is not in
conflict with required information or contrary to the
appl i cabl e airworthiness requirenents."

The indication of approval for the approved section should be as discussed in
the preceding paragraph. GAVA Specification No. 1 has been found to conply
with the provisions of § 23.1581(b)(2).

c. Part 36 Noise Limtations and/or Procedures.

(1) If the applicant chooses the § 23.1581(b)(1) option, operating
limtations required by Part 36 should be placed in the Operating Linitations
portion of the AFM Any Part 36 procedures should be placed in the (perating
Procedures portion of the AFM

(2) If the applicant chooses the § 23.1581(b)(2) option, the
approved AFM shoul d contain the fol |l owi ng approved, but separate, portions:

(i) Qperating linmtations prescribed in § 23.1583. Note that
§ 23.1581(b)(2)(1) linits the information in this portion to that prescribed
in § 23.1583. Since the present Part 36 linmtation is a weight limtation,
the Part 36 limtation may be incl uded.

(ii) Qperating procedures prescribed by Part 36. Section  36.1581(a)
requires Part 36 procedures to be approved.

d. STC Procedures.

(1) AFM Options. STC applicants are responsible for preparing an AFM
suppl ement when the airplane has been nodified in such a manner that limtations,
procedures, or performance have been changed. The suppl enent shoul d be prepared
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in accordance with the guide provided in appendix 5 and reflect the necessary
suppl enent al i nformation. Alternately, the applicant may choose to prepare a new
AFM, |If the applicant selects the |latter option, the new AFM repl aces the

original AFM in its entirety.

(2) Performance. Concerning performance, if the STC applicant does not

want credit for any increased performance and denonstrates that the perfornmance
meets or exceeds all basic airplane perfornance, a general statement to that
effect would be satisfactory.

e. Additional |nfornation. Sone additional information itens that are

required for safe operation because of unusual design, operating, or handling
characteristics are as follows:

(1) Qperation of strobe lights during flight through fog, clouds, or
flying cl osely under an overcast.

(2) Use of carburetor heat.
(3) Restricted use of flaps during sideslips.
(4) Managenent of propeller pitch when Beta Range is provided.

(5) Procedures for the tenporary use of sand screens and engi ne heater
devi ces.

(6) Unusual feathering design where propeller will not feather with
throttle closed.

(7) Scheduling for fuel flow by engine mxture |eaning procedure.
(8) Unusual spin recovery techniques.
(9) Weel barrowi ng characteristics.

(10) PFilot-induced oscillations or oscillations caused by turbul ence,
particularly on swept-w ng airplanes.

(11) Repressurization procedures prior to |anding.

(12) Procedures for operation of automatic devices; that is, wing
|evelers, mach trim yaw danper, etc.

(13) Procedures for operation of integrated flight guidance and control
systens. Thi s shoul d include proper pilot response to cockpit warnings, diagnosis
of system failures, discussion of possible pilot-induced flight control system
problems, and use of the systemin a safe manner.
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411. SECTION 23.1583 (as amended bv amendnent 23-34) OPERATING LI M TATI ONS.

a. Limtations Section. The purpose of the Limtations Section is to
present the lintations applicable to the airplane nodel by serial nunber, if
appl i cabl e, as established in the course of the type certification process in
determning conpliance with Parts 23 and 36 of the FAR The limtations should |
presented w thout explanation other than those explanations prescribed in Parts 2

148-1 (and 148-
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(1) Contents of the checklists are the responsibility of the
operator.

(ii) The FAA-approved AFM takes precedence in case of conflicting
checkl i st i nformation.

(6) Automatic Display. Automatic display of appropriate checklists
during conditions of engine failure, generator failure, etc., will require a
revi ew based upon the specific application involved. Approval of the checkli st
content, rmalfunction prioritization, and operation is required.

413.  SECTION 23. 1587 (as amended bv anendnent 23-~34) PERFORVANCE | NFORVATI ON.

a.  Performance I nf ormat i on. This section contains the airworthi ness
performance informati on necessary for operation in conpliance with applicable
performance requirenments of Part 23, applicable special conditions, and data
required by Part 36. Additional information and data essential for inplenenting
speci al operational requirements nmay be included. Per f ormance i nformati on and
data should be presented for the range of weight, altitude, tenperature, airplane
configurations, thrust rating, and any other operational variables stated for the
ai rpl ane.

b. Normal, Wility, and Acrobatic Category Airplanes. See GAMA
Specification 1.

c. Commuter Category Airplanes.

(1) Ceneral. Include all descriptive information necessary to identify
the precise configuration and conditions for which the performance data are
applicabl e. Such information should include the conpl ete nodel designations of

ai rpl ane and engi nes, the approved flap, sweep, or canard settings, definition of
installed airplane features and equi pment that affect performance, together with
the operative status thereof (e.g., anti-skid devices, automatic spoilers, etc.).
This section should also include definitions of terns used in the Performance
Section (e.g., IAS, CAS, ISA configuration, net takeoff flight path, icing
conditions, etc.), plus calibration data for airspeed (flight and ground), Mach
nunber, altimeter, anbient air tenperature, and other pertinent information.

(2) Performance Procedures. The procedures, techniques, and ot her
conditions associated with attai nment of the flight manual perfornance data shoul d
be included. Per f ormance procedures may be presented as a performance subsection
or in connection with a particul ar perfornmance graph. In the latter case, a
conprehensive listing of the conditions associated with the particular perfornance
may serve the objective of "procedures” if sufficiently conplete.

(3) Thrust or Power Setting. Thrust or power settings should be
provided for at |east takeoff and maxi num conti nuous and the nethods required to
obtain the perfornmance shown in the AFM If appropriate, these data may be
required to be shown for nore than one thrust setting paraneter.
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(4) Takeoff Sneeds. The operational takeoff speeds V,, V,, and V,
shoul d be presented together with associ ated conditions. Section 23.1587(d)(6)
requires the speeds be given in CAS. Since the aircrew flies JAS, the airspeeds
shoul d al so be presented in IAS. The V, and Vg speeds should be based upon
"ground effect" calibration data, the V, speeds should be based upon "free air"
calibration data.

(5) Takeoff Distance. Takeoff di stance should be shown in compliance
with § 23.509.

(6) Clinb Limted Takeoff Weight. The clinb limted takeoff weight
which is the nost limting weight showi ng conpliance with § 23.67 shoul d be
provi ded.

(7) Mscellaneous Takeoff Weight Limts. Takeoff weight limts, for
any equi pnment or characteristic of the airplane configuration which inposes an
addi tional takeoff weight restriction, should be shown (e.g., tire speed
linmtations, brake energy linmtations, etc.).

(8) Takeoff dinb Performance. For the prescribed takeoff clinb
ai rpl ane configurations, the clinb gradients should be presented together with
associ at ed condi tions. The schedul ed clinb speed(s) should be included.

(9) Takeoff Flight Path Data. The takeoff flight paths of § 23.61 or
performance informati on necessary to enable construction of such paths, together
with associated conditions (e.g., procedures, speed schedul es), should be
presented for the configurations and flight path segnents existing between the end
of the prescribed takeoff distance and the point of attaining the en route clinb
configuration airspeed or 1500 feet, whichever is higher.

(10) En Route dinb Data. The clinb gradients prescribed in § 23.67
shoul d be presented together with associated conditions, including the speed
schedul e used.

(11) Balked Landing Cinb Linmted Landing Weight. The clinb limted
| andi ng wei ght which is the nost linmiting weight showi ng conpliance with § 23.77.

(12) Approach Clinb Limted Landing Wight. The clinb gradient
deternmined in § 23.67(e)(3) should be presented. The required clinb gradi ent may
limt the landing weight.

(13) Landing Approach_Speeds. The schedul ed speeds associated with the
approved | andi ng di stances should be presented together with associated
condi tions.

(14) Landing Distance. The | anding di stance from a hei ght of 50 feet
shoul d be presented together with associated ambient tenperature, altitude, w nd
condi tions, and wei ghts up to the maxi mum | andi ng wei ght. Operational |anding
di stance data should be presented for snooth, dry, and hard-surfaced runways. At
the option of the applicant, w th concurrence by the FAA, additional data may be
presented for wet or contam nated runways, and for other than snmooth, hard-
surfaced runways. At the option of the applicant, FAR 135 landing field Ilength
and alternate landing field length may be presented.
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Fromthis plot the profile drag coefficient (CD ) can be determ ned graphically
and Gswal d's efficiency factor {(e) can be cal Cu]fated.
' 2

) @
e = 3 (o]
.(cD - CDQ 3.1416(_1;__)

Wiere: b = wing span = feet
S = wing area -- square feet

IXSIN

3.1416 (b2
5

d. Standard Day Correction. Since the C 2 VS. dat a. was devel oped from tes
day conditions of weight, altitude, temperature, and power, calculations will be
required to determ ne standard day conditions.

(THPA - THPR) 33, 000

wC (AF)

r e =

RIC =

Wher e: THPA = t hrust horsepower avail able

THPR = thrust horsepower required
WC = aircraft weight to which correction is to be made (pounds)
AF = acceleration factor (see paragraph b)

A
Wer e: BHPc

THP, = BHPc ( "p)

chart brake horsepower at test day density altitude
(see appendix 1)

n, = propeller efficiency
e (v )3 s (0.2883)  (w.)?
THP = T %P + ' C
R 2
96209 ec b V,
Wher e: 6~ = atnospheric density ratio
VT = true airspeed = knots
CDP = profile drag coefficient
S = wng area = square feet
e = efficiency factor
b = wng span ~ feet
W, =aircraft weight to which correction is to be made = pound:
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e, Expansion to Nonstandard Conditions. The nethods in paragraph d can be

used to expand the clinmb data by choosing weight, altitude, tenperature, and the
corresponding power avail able.

f. References. The followi ng references may be of assistance in cases where
conpressibility drag is a factor, clinb angles are greater than 15°, or if the
reader wishes to review the basic derivations of the drag pol ar nethod:

(1) "Airplane Aerodynam cs and Performance" by C. Edward Lan and Jan
Roskam Publ i shed and sold by:

Roskam Avi ati on and Engi neering Corporation
Route 4, Box 274
O tawa, Kansas 66067

(2) Air Force Technical Report No. 6273, "Flight Test Engi neering
Handbook, " by Russell M Herrington, et. al., dated May 1951. Corrected and
revised June 1964-January 1966, Refer to NTIS No. AD 636 392. Available from

Nati onal Technical Information Service (NTIS)
5285 Port Royal Road
Springfield, Virginia 22161

2. DENSITY ALTITUDE METHOD. This method is an alternate to the Drag Pol ar

Met hod. The Density Altitude Method is subject to the sane cautions as the Drag
Pol ar  Met hod. Item nunbers 1, 2, 6, 9, 12, 17, 18, and 19 are observed during
flight tests and the remaining itenms are cal cul at ed.

[tem No. ltem

1 Pressure Altitude (Hp) -- feet

2 Qutside Air Tenperature -- °F

3 At nospheric Density Ratio -- o

4 Density Atitude (Hd) -- feet. Hd = 145539[1—(;/?)46991

5 Std. Temp. @ Hp (T,) -- °F + 460 I

6 IAS -- knots

7 CAS -- knots

8 W= @ I
(o)

9 Observed rate of clinmb -- ft./mn.

= (®+
c e
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[tem No.

11

12
13

14

15

16

17

18

19

20

21

22

23
24

25
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[tem
Actual RIC = @x
Test Wight, w -—- 1bs.
Avsea. - @(-@)
WC
where W, = aircraft weight to which
correction is to be made
qfe b* =(D2ne 12
295
where b = wing span in feet

e = Gwald's efficiency factor (0.8 may be used if a nore
exact val ue cannot be determ ned)

AD, -(wi-@+)
- ®

A®R/G) A, = 101.27 (1D

Vs

Cal i brated RPM (reciprocating engine)

Calibrated MP (reciprocating engi ne)

Inlet air tenperature

Test day BHP corrected for tenperature fromappendix 1 at Hp
BHPc corrected for tenperature fromappendix 1 at H

Np -- propeller efficiency (obtain from propeller manufacturer or
may be esti mat ed)

ATHp = 29 (@_>
A ®R/CIA p =2 x 33,000
v

R/ ~@D-O-©+@

Items 4, 7, and 25 are used to plot figure 25-2.
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APPENDI X 5. GU DE FOR PREPARI NG
Al RPLANE FLI GHT MANUAL AND
PLLOT" S CPERATI NG HANDBOCOK SUPPLEMENTS

1. | NTRODUCTI ON. An applicant is responsible for preparing an Airplane Flight
Manual (AFM suppl enent when the airplane has been nodified in such a manner that
[imtation, procedures, performance, or loading information have changed. The
suppl ement shoul d be prepared to reflect this supplenental information. If there
is no change in one of the sections, it should so state.

a. Pilot's Operating Handbook Sunnl enents. Refer to GAMA Specification No. 1
Revision No. 1.

h. AFM Sunnl enents. Refer to paragraph 2 bel ow and sanpl e AFM

2. CGENERAL.

a. Enter nane and address of applicant and document number (if used).

h. Enter nmake and nodel of the airplane. Miltiple nodels nmay be used.

c. Enter registration nunber. Note: if nore than one airplane is to be
approved under this supplenental type certificate, |eave this space blank on the
master copy of the supplement so it can be filled in for each airplane as the

nodi fication is acconplished.

d. Enter airplane serial nunber. This nunber is on the airplane data plate.

Not e: If nmore than one airplane is to be approved under this supplenmental type
certificate, | eave this space blank on the naster copy of the supplenent so it car
be filled in for each airplane as the nodification is acconplished. If only one

airplane is to be approved, add "only" after the serial number.
e. Enter original AFM date or reissue date (if applicable).
f. Enter the type of nodification or equipnent installed.

g. Enter approval basis such as: Form 337, specification item nunber,
Suppl enental Type Certificate Nunber, etc.

h. Enter any changed or additional limtations as a result of the
modi fication. Followthe format of the basic AFM If no change, state "NO

i. Enter any change in or additional procedures as a result of the
modi fi cati on. Follow the format of the basic AFM  This section nmay be divided
into Normal and Energency Procedures, if necessary. If no change, state "NO
CHANGE. "

Enter any change in performance as a result of the nodification. [f no

change, state "NO CHANGE." In sone cases it is possible to show a statenent
simlar to the follow ng, "The performance of this airplane equipped with the

Continental E-225-8 engi ne and Beech Mddel 215 propeller is equal to or better
than the performance as listed in the original FAA approved AFM."
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k. Enter any change in the |loading instructions, if necessitated by the
change .

1. Copy this itemas shown on the sanple AFM Suppl enent | eaving a bl ank space
for typing of the ACO Manager's name bel ow the signature |ine.

m. Type as shown on sanpl e AFM Suppl ement | eaving a bl ank space so date of
approval can be added

n. If the supplement requires nore than one page, a cover page should be
prepared in accordance with page 3 of this appendix, except that itenms (h), (1),
(j), and (k) should be on page 2 or subsequent. Each page should have: (1) the
nane and address of applicant and docunent nunber; (2) AFM suppl enment for Make and
Model ; (3) "FAA-approved" and "date" of approval, and (4) page nunber as (Page 1 of
3).

0. For those ai rplanes without flight manuals, and placards are not
appropri ate, the docunment shoul d be | abeled a Suppl enental Airplane Flight Manua
and arranged and worded as necessary with reference to the appropriate markings and
pl acards. Identification of the material as Limitations, Procedures, or Performance
should be clearly presented.

p. |If applicant revises the AFM suppl enents, pertaining to one airplane nodel
a log of revisions my be added, as foll ows:

LOG OF REVI SI ONS

Pages FAA-
Revi sion _ No. Af f ect ed Description Approved Dat e

NOTE- The revision page should imediately foll ow the cover page

qg. Vertical bars should be placed in the margin of the revised pages to
indicate changed material.
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Name
(a)
Addr ess

Suppl enent  No.

FAA- APPROVED

Al RPLANE FLI GHT MANUAL SUPPLEMENT

FOR
(b)

Make and Model Airpl ane

Reg. No. (c)

Ser. No. (d)
Thi s suppl ement nust be attached to the FAA-approved Airplane Flight Mnual
dat ed (e) when (£) is installed in accordance
with (s) . The information contained in this

docunent suppl enents or supersedes the basic nmanual only in those areas listed.
For linitations, procedures, performance, and loading information not contained in .
this supplenment, consult the basic airplane flight nmanual .
. LIMTATION (h)
1. PROCEDURES: (i)
[11.  PERFORMANCE: (»
V.  LOADING | NFORMATI ON: (k)

FAA- Appr oved (1)

Manager, Aircraft Certification Ofice
Federal Aviation Adm nistration
Cty, State

DATE
(m) l

Revi sed
(1f applicable)

Page 1 of
@ i
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APPENDI X 10. GU DE FCOR DETERM NI NG

al M8 PERFORVANCE AFTER STC MO FI CATI ONS
(not applicable to SFAR 23. SFAR 41. or to comuter cateporv).

1. | NTRODUCTI ON. Section 23.1587 requires certain performance information to be
included in the AFM These include the clinb requirenents and rate of clinb
information as specified by §§ 23.65, 23.67, and 23.77. Additionally, sone turbi
power ed airplanes may have the naxi mum wei ght of § 23.1583(c) limted by clinb

per f or mance. If an airplane is nodified externally (and/or an engi ne change) and
the changes are deened significant enough to produce neasurable effects, any
appropriate requirenments and information shoul d be determned for inclusion in th
AFM  suppl enent

2. GENERAL. Suppl enental Type Certificates involve nodifications to inservice
airplanes which may, for one reason or other, not exactly match Type Design clint
perfornmance data whi ch was determ ned and published in the AFM These effects ce
be the result of engine power deteriorations, added antennae, exterior surfaces n
pol i shed or smooth, propeller nicks, or a variety of other reasons. In addition,
it is difficult and costly to obtain calibrations of engine power output which na
have been available during the original certification process. The extent of
perfornmance degradati on observed after incorporating external nodifications coulc
be partially due to deficiencies present in the airplane prior to nodification.
other instances, the results of performance neasurenents indicate that there is
l[ittle or no effect fromthe nodification and the test airplane closely matches t
val ues contained in the basic AFM even though anal ysis indi cates sone degradatio
For either of these situations, the actual |oss in performance could be skewed or
masked by these other vari abl es. For these reasons, any clinb performance

measur enents conducted as part of an STC nodification should be conducted such th
the actual effects of the nodification are identified. One effective nmeans of
acconplishing this is to neasure the performance of the unnodified airplane, then
repeat the same tests with the external nodifications incorporated. Any variatic
fromthe basic performance predictions due to engine power or other variables wl
be mnimzed or elimnated.

3. PROCEDURE FCR EXTENDI NG CLI MB PERFORVMANCE TO ADDI TI ONAL Al RPLANES. The
conditions to be evaluated should be identified froma review of the applicable
regul ations and related to the nodifications to be incorporated. The instrunents
which are to be involved in the flight tests shoul d have recent calibrations. Tk
ai rspeed system should be verified to be in agreenent with the basic airplane

cal i brations.

Prior to nodifications, conduct a series of clinbs utilizing the general procedur
and information presented in paragraphs 25, 26, and 28 of this AC  Test speeds ¢
other conditions nay be abbreviated to those which are presented in the AFM The
AFM can al so be utilized as a guide to identify how clinb performance is predicte
to vary with altitude and other conditions. Results should be corrected to sone
standard in accordance with appendi x 2, or sone other acceptable method. The bef
and after tests should be conducted, as nearly as possible, at the sane airplane

wei ght
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After the nodification, the series of clinbs conducted above shoul d be repeat ed.
Apply the sane procedures and corrections as before. Corrected results of clinbs
before and after the nodification should be conpared by plotting the conbi ned
results. The performance in the AFMis useful in identifying how clinb perfornance
was predicted to change with altitude and tenperature. It is likely that there wil
be sonme scatter and variations in the final results. Wth a limted anount of
testing, the effects of the nodification should be deternined conservatively and
identified in a manner suitable for presentation in the AFM suppl enent.

4, "ONE  ONLY" Al RPLANE. Oten, there are circunstances where the full range of
performance tests before and after the STC nodification are not warranted. These
m ght include:

a. Alinmted effectivity such as a one only nodification

b. An excessively conservative reduction in published clinb performance which
would not Iimt norrmal operations of the airplane and linitations are not affected.

The conditions to be eval uated should be identified froma review of the
applicable regulations and related to the nodifications to be incorporated. The
instrunents which are to be involved in the flight tests should have recent
calibrations. The ai rspeed system should be verified to be in agreement with the
basic airplane calibrations.

If the reduction in clinb performance is not limting, then it nay be acceptable
to conduct tests of the nodified airplane only and provi de anal ysis which coul d
be used to support and conpare with the tests. Values of clinb degradation
shoul d be sel ected which are sufficiently conservative to overcone any variations
or discrepanci es which may have been present. This should not involve any
requirenents of § 23.1583. The information required by § 23.1587, however, could
be excessively conservative w thout degradi ng normal operations of the airplane
in service.

For example, analysis predicts that a particular nodification will reduce the one
engi ne i noperative clinb performance by 50 feet per nminute, and linmted testing
shows a reduction of 30 feet per ninute. In order to overcone the introductory
considerations and variables, a degradation in clinb performance should be
obviously  conservative. The higher of the two rate of clinb degradation val ues
coul d be doubled to achieve this objective. For this exanple, the AFM suppl enent

woul d reflect a degradation in one engine inoperative clinb performance of 100 feet
per mnute

*J.5. G.P.0.:1993-343-273:80274




